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SUMMARY
' ’ '^ 1—..
An.investigation was carried out to determine 
the tissue of origin of serum alkaline phosphatase in normal 
dogs and in dogs treated with the insecticide dieldrin.
The work involved comparisons between tissue and serum 
alkaline phosphatases on the basis of immunological and 
electrophoretic properties.
Alkaline phosphatases from dog liver, kidney, 
intestine and bone were separable by electrophoretic pattern 
■ on polyacrylamide gel, except for some overlapping between 
bone and renal bands. By electrophoretic analysis, liver 
appeared to be the major source of serum alkaline phosphatase
A  ’
in both normal and hyperphosphatasemic sera from dieldrin 
treated dogs. Rabbit antiserum to dog intestinal alkaline 
phosphatase was used to demonstrate phosphatase of intestinal 
origin in some dog sera. The presence of this additional 
serum enzyme was not related to administration of dieldrin.
The work was extended to an investigation of the 
origin of alkaline phosphatase in dog urine. Urinary phos­
phatase differed electrophoretically and immunologically 
from that of the kidney and showed .some similarity to bladder 
alkaline phosphatase.
Alkaline phosphatase from dog intestinal mucosa 
was shown to differ from phosphatases extractable from the 
predominant bacterial flora of dog duodenum and faeces.
' Immunofluorescence w&s used to demonstrate alkaline phospha­
tase on the outer surface of intestinal villi, *
-3~
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INTRODUCTION 
Antigen - antibody reactions
The combination between antibody and its antigen 
may be detected in vitro by a variety of approaches:
Under suitable conditions, antibody - antigen 
interaction may be manifest directly by the formation of a 
specific precipitate or agglutinate. The extent of the 
interaction is assessed by measuring the concentration of 
antigen and antibody at which the visible reaction is great­
est. Alternatively, it may be necessary to visualise anti­
body - antigen combination by incorporating an indicator 
system. Techniques such as the complement fixation test 
(Bordet and G-engou, 1901), and antiglobulin test (Coombs, 
Mourant and Race, 1945), make use of one specific immuno­
logical reaction to indicate another. A third method of 
detection is by attaching a radioactive or fluorescent label 
to either the antibody or antigen and examining the fate of 
such a marker. In immunofluorescent techniques, the site of 
attachment of antibody to antigen is indicated by using anti 
body conjugated to a fluorescent dye (Coons and Kaplan, 1950 
Coons, 1956). In radioimmunoassay of insulin (Yalow and 
Berson, 1959), it is the antigen which carried the radio­
active label.
Another approach to the demonstration of an immuno 
logical reaction makes use of the biological properties of 
the antigen. The attachment of antibody to virus particles 
is detected by neutralisation of viral activity (Dulbecco, 
Vogt and Strickland, 1956). The immobilisation of Tricho­
monas foetus by antiserum (Kerr and Robertson, 1941) is a
-17-
result of attachment of antibody to the cilia of the protozoan.
Enzyme immunology
The utilisation of biological properties of the 
antigen in the detection of immunological reactions has an 
advantage over other techniques from the point of specificity. 
The antigen under investigation need not be in a purified 
state, as it may be identified by virtue of both its immuno­
logical and physiological reactions. This type of approach 
has proved particularly useful in immunological studies of 
enzymes, very few of which are available in crystalline form. 
The enzyme under investigation is identified by its enzymic 
activity in the presence of a suitable substrate as well as 
by its antigenic properties.
The possible mechanisms involved in the combination 
between enzymes and their antibodies are discussed by Cinader
(1967). For the majority of enzymes studied by immunological 
techniques, the combination of antibody with enzyme results 
in a decrease in catalytic activity. The extent of the 
inhibition may depend not only on the enzyme - antibody 
system but also on the molecular size of the substrate used 
for assay. Cinader attributes the inhibition effect to either 
steric hindrance or to conformational changes brought about 
by attachment of antibody near the catalytic site. In this 
type of system the effect of antiserum on enzyme activity is 
used as a measurement of antibody - antigen interaction. The 
technique has been applied to investigations into the re­
lationships between similar enzymes from different organs 
or species. McGeachin and Reynolds (1959) prepared antiserum 
to hog pancreatic amylase, which inhibited the c tic
-18-
activity of its homologous antigen. The anti serum, was used 
to test for cross reactions with amylases from other species. 
Henion and Sutherland (1957) used antienzyme antisera to 
examine relationships between dog phosphorylases. Rabbit 
lactate dehydrogenases were investigated immunologically by 
Risselbaum and Bodansky (1'959)•
The catalytic activity of a few enzymes has been 
shown to be unaffected by attachment of antibody. Adams 
(1942) found that tyrosinase from the domestic mushroom, 
retained its total activity in the presence of specific anti­
body. p-galactosidase from Eschericia coli is similarly 
unaffected by combination with antibody (Cohn and Torriani, 
1952), as are the alkaline phosphatases, the subject of this 
present study. In such systems the part of the enzyme with 
which the antibody combines is presumably unrelated to the 
catalytic site. In immunological investigations of these 
enzymes, the enzymic activity is used as a marker for antigen. 
Combination between antibody and enzyme is demonstrated by 
removal of enzyme activity from supernatants, after precipi­
tation by antiserum (Birkett, Done, UeaHe and Posen, 1966). 
Enzyme - antibody reaction may also be revealed by demon­
strating enzyme activity in immunoprecipitates (Henry,
Sacoman and Depieds, 1970). This latter technique has also 
been applied successfully to immunological studies of some 
enzymes which are inhibited by combination with their anti­
sera in conventional test tube assay methods. Uriel (1967) 
suggests that this disparity may involve differences in 
experimental conditions. In immunodiffusion precipitates 
there is no antibody excess and steric hindrance of the
-19-
eatalytic site may be less than in test tube analysis methods.
Alkaline -phosphatase
Alkaline phosphatase is the name given to a group 
of enzymes capable of hydrolysing phosphate esters in an 
alkaline medium. These orthophosphoric monoester phospho- 
hydrolases have the Enzyme Commission number 3* 1• 3* 1.
The term isoenzyme may be used to describe the alkaline 
phosphatases (Webb, 1964), that is, a group of enzymes with 
similar catalytic properties but which differ in their 
physico - chemical characteristics. The alkaline phosphatases 
are metalloenzymes containing zinc (Plocke, Levinthal and 
Yallee, 1962), and are activated by magnesium (Clark and 
Porteous, 1965)* They are relatively non - specific, acting 
on a wide variety of substrates. Enzyme activity may be 
determined from the amount of phosphate liberated (Bodansky, 
1933)* More usually, liberation of the non - phosphate part 
of the substrate is measured: the release of p-nitrophenol 
from p-nitrophenyl phosphate (Bessey, Lowry and Brock, 1946), 
or phenol liberation from phenyl phosphate (King and 
Armstrong, 1934; Kind and King, 1954). Enzyme concentration 
is expressed in units related to the substrate used; one 
King - Armstrong Unit of enzyme releases 1 mg. of phenol from 
phenyl phosphate under given conditions. Alternatively, 
enzyme concentration may be expressed in terms of specific 
activity.
Alkaline phosphatases have been demonstrated in a 
wide variety of species ranging from yeasts (Csopak, 1964), 
and bacteria (Engstrom, 1962), to mammals. In mammalian
-20-
species they are present in the gut mucosa (Engstrom, 1961), 
liver (Oopinath and Thorpe, 1968), kidney (Wachstein and 
Bradshaw, 1 965), and bone (Robison.: and Soames, 1924). Phos­
phatase activity has also been demonstrated in the placenta 
(Ahmed and King, 1960), active mammary gland (Bailie and - 
Morton, 1958) and in leukocytes (Lie-Injo, 1964) and in low 
concentration in a variety of other tissues (Posen, 1967). 
Alkaline phosphatases are present in the body fluids in urine 
(Butterworth, Moss, Pitkanen and Pringle, 1965), bile 
(Dalgaard, 1951), and notably in serum.
Heterogeneity of alkaline phosphatase
That the phosphatases from different human organs 
were not necessarily identical was first noted by Bodansky 
(1957), who was able to distinguish between intestinal and 
non - intestinal phosphatases by their differing susceptibil­
ities to inhibition by bile acids. Since then, the differen­
tiation between phosphatases from different tissues within 
the same species has been the subject of considerable inter­
est. Humerous attempts have been made to identify organ - 
specific properties of these phosphatase isoenzymes, partic­
ularly with respect to human tissues. Alkaline phosphatases 
have been compared on the basis of chromatographic, electro­
phoretic and immunologic properties. Differences in substrate 
affinities, in susceptibility to inhibitors and to denatur- 
ation have also been used as criteria for discrimination.
Characterisation of a3.kaline phosphatase
Substrate affinity. Early work on the substrate affinities 
of human alkaline phosphatases (Landau and Schlamowitz,
-21-
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1961), was able to differentiate the intestinal enzyme from 
phosphatases from other tissues. The intestinal enzyme was 
found to be only half as active against p-nitrophenyl phos­
phate as with ^-glycerophosphate, whereas the enzymes from 
kidney, bone, liver and spleen showed similar activities in 
the presence of both substrates. The intestinal enzyme could 
be differentiated further from the other phosphatases in that 
its activity against adenosine 5 - phosphate was approxi­
mately twice that against p-glycerophosphate. Additional 
differentiation of phosphatases from human tissues has been 
found in their relative abilities to liberate phosphate from 
a range of pyrophosphate substrates (Moss, 1970). 
Susceptibility to inhibitors and to denaturation. As has 
been mentioned earlier, susceptibility to inhibition by bile 
acids may be used as a method of discriminating between tissue 
alkaline phosphatases (Bodansky, 1957). L-phenylalanine is 
another substance which has been successfully employed in 
their differentiation (Fishman, Green and Inglis, 1962;
Fishman and Ghosh, 1967). Intestinal and placental alkaline 
phosphatases were shown to be more susceptible to inhibition 
by L-pheiylalanine than phosphatases from other tissues.
Alkaline phosphatases from different tissues have
i
also been shown to differ in their susceptibility to denatur­
ation. Placental alkaline phosphatase is considerably more 
resistant to heat than enzymes from other tissues (Neale, 
Clubb, Hotchkiss and Posen, 1965), withstanding prolonged 
heating at 70°C. Bone and liver alkaline phosphatases have 
been shown to be more susceptible to denaturation by concen­
trated urea solutions than phosphatases from bile, intestine
-22-
and placenta (Home, Cornish and Posen, 1968)*
Physical methods* Gel filtration techniques have been 
applied to the differentiation of alkaline phosphatases. 
Results of several investigations which are illustrated 
diagrammatically by Moss (1970), indicate that the molecular 
weights of human alkaline phosphatases are in the range 
130,000-220,000. The molecular weight of the urinary phos­
phatase is somewhat lower. Gel chromatography of ovine serum 
alkaline phosphatase, (Aalund, Rendel and Freeland, 1965), 
gave a molecular weight value of about 200,000 for the serum 
enzymes.
Electrophoresis has been employed by many investi­
gators in the separation of tissue alkaline phosphatases, 
(Wilkinson, 1965)* fhe use of starch gel as a supporting 
medium has enabled the identification of phosphatases from 
different tissues on the basis of their electrophoretic 
mobilities, (Chiandussi, Greene and Sherlock, 1962; Hodson, 
Latner and Raine, 1962; Moss and King, 1962). More recently, 
high voltage agar gel electrophoresis has been used success­
fully for the identification of phosphatase isoenzymes 
(Yong, 1967). Polyacrylamide gel has also proved a suitable 
medium for electrophoresis of alkaline phosphatases (Allen 
and Hyncik, 1963), and has been reported to give better 
resolution than starch gel (Cox and Griffin, 1967)• Smith, 
Lightstone and Perry (1968), were able to distinguish alkaline 
phosphatases from human liver, kidney, intestine and bone by 
electrophoresis on polyacrylamide.
Serology. Antigenic relationships between phosphatases from 
different tissues have been examined by the use of antiphos­
-23-
phatase sera9 The work has been directed mainly towards 
finding organ - specific properties of phosphatases obtained 
from various tissues.
Alkaline phosphatase was first investigated by 
immunological techniques by Schlamowitz (1954a). Rabbit 
antiserum to dog intestinal alkaline phosphatase was shown 
to have no inhibitory affect on the activity of the homolo­
gous enzyme. ...The. enzyme could be fully precipitated from 
solution by antibody, but its activity was recovered almost 
completely in the precipitate. The kinetics of the reaction 
were investigated further, (Schlamowitz, 1958a), and were 
found to conform to the pattern of quantitative precipitin 
reactions in that a zone of optimal precipitation was found. 
Soluble complexes of antibody and enzyme were demonstrated 
on either side of this zone in the regions of antibody and 
antigen excess.
Evidence that antiphophatase antibody combines 
with the enzyme at an area unrelated to the catalytic site 
was provided by Schlamowitz (1958b). Dog intestinal phos­
phatase was treated with cysteine to destroy its catalytic 
activity. The inactivated enzyme retained its antigenic 
properties since it was shown to be still capable of reacting 
with homologous antibody.
Antisera to alkaline phosphatase have been prepared 
against phosphatases from a variety of different species and 
organs. Cocks and Wilson (1972), raised antisera in rabbits 
to alkaline phosphatases of Eschericia coli and Klebsiella 
aerogenes by injection of bacterial cell extracts in Freund's 
complete adjuvant. The production of a rabbit antiserum
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to alkaline phosphatase from mouse duodenum was described by 
Moog and Angeletti (1962). This work was extended further 
(Etzler and Moog, 1968), to the production of antisera to two 
phosphatases of mouse duodenum which possessed different 
electrophoretic and chromatographic properties and differed 
in their substrate affinities.
The majority of antiphosphatase sera have been 
raised against human alkaline phosphatases. Schlamowitz 
and Bodansky (1959), used phosphatases from intestinal mucosa 
and osteogenic sarcomatous bone for antiserum production. 
Antisera have also been produced against phosphatases from 
human liver, kidney and placenta, (Komgold, 1970), spleen, 
Boyer, 1963), chorionic membranes, (Neri and Komgold, 1970), 
and leukocytes, (Bottomley, Lovig, Holt and Griffin, 1969)•
Various immunological techniques have been employed 
to demonstrate combination between alkaline phosphatases and 
their antisera. Schlamowitz (1954a) reacted enzyme solution 
with antiserum and removed the precipitate by centrifugation. 
The quantity of enzyme which had not been precipitated by 
antibody was estimated by measuring the phosphatase activity 
remaining in the supernatant. Boyer (1961, 1963) used a 
three stage procedure. Enzyme solutions were incubated with
I
antiserum for forty eight hours. The supernatants were then 
subjected to electrophoresis on starch gel and enzyme activity 
visualised by use of a suitable substrate. Reaction of 
enzyme and antibody was shown as a removal'or retardation of 
enzyme zones.
The fact that alkaline phosphatase activity is not 
affected by combination with its antibody was employed to
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advantage by Etzler and Moog (1968), and Korngold (1970), who 
used immunodiffusion techniques♦ ' Alkaline phosphatase prepar­
ations and their antisera were allowed to react in gel. 
Unprecipitated material was removed by washing and the pre­
cipitates were stained for phosphatase activity. Only those 
bands of precipitate containing enzyme reacted with substrate 
and hence phosphatase - antiphosphatase reactions could be 
distinguished from precipitates formed by contaminating 
proteins and their antibodies.
The specificities of various phosphatase antisera 
have been examined by reacting the sera with phosphatases 
from other organs or species. Schlamowitz (1954b),. was able 
to distinguish between alkaline phosphatase from dog intestine 
and that from other dog organs, namely liver and kidney, by 
the use of anti serum to dog intestinal phosphatase.:’ The 
antiserum also showed species specificity in that it failed 
to react with rat, rabbit or bovine intestinal phosphatases.
An antiserum to phosphatase from human intestinal 
mucosa (Schlamowitz and Bodansky, 1959), was found to be 
capable of distinguishing between its homologous enzyme and 
phosphatases of human kidney, liver and bone. The antiserum 
to human bone alkaline phosphatase, prepared by the same 
workers, was found to be less specific. It cross reacted with 
phosphatases from human kidney, intestine and liver to vary­
ing degrees. The cross reactions were found to be more marked 
when horse antibodies to rabbit y/globulin were incorporated 
into the system to precipitate soluble complexes of enzyme 
and rabbit antiphosphatase antibody. Saini and Posen (1969) 
raised antiserum in rabbits to rat intestinal alkaline plios-
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phatase and used this serum to distinguish between the in­
testinal enzyme and the phosphatases of rat kidney, liver, 
spleen and bone. . s
A comprehensive study of the antigenic relationships 
between human tissue alkaline phosphatases was carried out 
by Boyer (1963)* Antisera were raised to alkaline phospha­
tases from bone, spleen, liver, kidney and intestine. The 
reactions of these antisera with the various phosphatases 
were examined by electrophoresis of antiserum - enzyme super­
natants on starch gel. Three antigenic classes of human 
tissue phosphatases were distinguished; the main group con­
taining the enzymes from liver, bone and spleen as well as 
the major component from kidney. The second class contained 
the intestinal phosphatase and the third that of the placenta. 
Some cross reaction was noted between the two latter groups. 
Birkett et al. (1966) were also unable to differentiate 
clearly between the placental and intestinal enzymes with an 
antiserum prepared against placental alkaline phosphatase.
The intestinal enzyme was inactivated to about 50 per cent, 
of its original activity after incubation with antiplacental 
serum.
A more specific antiserum to human placental phos­
phatase was raised in sheep by Sussman, Small and Cotlove
(1968). The phosphatase preparation used for injection was 
purified first by chromatography and gel filtration. The 
antiplacental serum produced, gave no cross reactions with 
alkaline phosphatases from liver, bone, neutrophils, kidney 
or intestine. These investigators were also able to produce 
an antiserum in sheep to human liver phosphatase, which was 
able to distinguish its homologous enzyme from phosphatases
-27-
of other tissues.
Of the various techniques employed for the differ­
entiation of alkaline phosphatases, perhaps the most readily 
reproducible are those involving denaturation and inhibition 
studies. The heat stability of placental alkaline phosphatase 
and the L-phenylalanine sensitivity of that from intestine 
may be used as criteria for the identification of these 
isoenzymes. However, these methods are unable to differen­
tiate adequately between the phosphatases of kidney, bone 
and liver. Phosphatases from a number of tissues may be 
distinguished from each other by electrophoretic analysis.
This technique has proved a successful means of differentiatio 
in the hands of many investigators, but its main disadvan­
tages are lack of reproducibility and difficulty in inter­
pretation of results. Immunological methods may be more 
satisfactory but require the use of tissue specific antiphos­
phatase sera if the isoenzymes are to be identified. The use 
of a combination of techniques for the identification of 
alkaline phosphatase may provide a clearer overall picture 
than that shown by one method alone.,
Serum alkaline -phosphatase . '
Significance of abnormalities in serum enzyme levels. Inves­
tigations into properties of the alkaline phosphatases have 
been applied frequently to the phosphatases present in serum. 
Among healthy subjects within a particular mammalian species, 
serum alkaline phosphatase levels generally fall within a 
narrow range. Alteration in the normal serum phosphatase 
value is frequently associated with tissue changes elsewhere
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in the body# A correlation between bone disease and raised 
serum alkaline phosphatase was first reported by Kay (1929). 
Roberts (1930) showed that changes in the serum enzyme 
activity could also be demonstrated in disorder of the 
hepatobiliary system.
High serum alkaline phosphatase levels have been 
observed consistently in patients with jaundice due to ob­
struction of the bile duct (Gutman, Olson, Gutman and Flood, 
1940), whether the obstruction is due to a stone or to some 
other cause. Serum phosphatase is also raised when the 
tissue damage is within the liver itself, although the serum 
enzyme levels are generally lower than in obstructive jaundice 
and more variable Abderhalden 1961) . Cirrhosis, and infec­
tious hepatitis are often accompanied by increased serum 
alkaline phosphatase activity (Gutman et al., 1940), as is 
carcinoma involving the liver (Shay and Siplet, 1954). Raised 
serum phosphatase levels are also associated with damage to 
the liver following the administration of toxic materials 
(Dickes, Schenker and Deutsch, 1957). Bone diseases in which 
an increase in serum phosphatase activity has been demon­
strated, include rickets (Morris, Stevenson, Peden and Small, 
1937) osteomalacia (Kay, 1930), and malignant tumours, par­
ticularly osteogenic sarcoma (Franseen and McLean, 1935).
Increased serum alkaline phosphatase has also been 
demonstrated during renal graft rejection (Latner, 1965) and 
in a case of bronchogenic carcinoma (Fishman, Inglis,
Stolbach and Krant, 1968).
A high serum phosphatase activity is not necessarily 
indicative of a diseased state. The serum activity is high
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in children, (Clark and Beck, 1950). An increase in serum 
phosphatase is also noted during pregnancy (Lapan and 
Friedman, 1959)*
Origins of alkaline phosphatase in hyperphosphatasemia. The 
question of the origin of serum alkaline phosphatase in both 
normal and hyperphosphatasemic sera has long been of interest. 
Since a high level of activity in serum is so frequently 
associated with tissue damage, the identification of the 
source of increased serum enzyme may be of value in diagnosis. 
Many of the same techniques used for the investigation of 
tissue alkaline phosphatases have been applied to the study 
of serum. Serum phosphatases have been investigated by 
electrophoretic analysis on various media (Haije and De Jong, 
1963; latner and Skillen, 1968), and by the use of inhibitors 
(Langman, Leuthold, Robson, Harris, Luffman and Harris, 1966), 
and denaturing agents (Kitchener, Heale, Posen and Woods, 
1965)# Immunological studies have been conducted by examining 
the reactions of antisera to tissue alkaline phosphatases 
with the serum enzyme (Schlamowitz and Bodansky, 1959)*
The general approach to the investigation of the 
origin of alkaline phosphatases in serum has been to compare 
the properties of the serum enzymes with those of phosphatases 
from various tissues. It is in this context that the need 
arises to demonstrate organ specific properties of tissue 
phosphatases by which the isoenzymes can be identified. Sera 
from known clinical conditions have also been compared direct­
ly with those from normal subjects with a view to establishing 
a pattern of isoenzyme -activity associated with certain dis­
ease states (Du Buisson and Pepler, 1966). Such studies have
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generally been run in parallel with those using tissue 
extracts. This is important, since it cannot be assumed . 
that an increase in serum alkaline phosphatase arises from 
those tissues showing obvious involvement in the disease 
process. In some cases of cirrhosis of the liver, for
example, the observed high levels of alkaline phosphatase in
serum have been shown to be due in part to phosphatase with 
properties of the intestinal isoenzyme (Fishman, Inglis and 
Krant, 1965).
It has been mentioned already that damage to the 
liver by toxic materials may be accompanied by an increase in \ 
serum alkaline phosphatase. Measurement of serum phosphatase 
activity is used widely in toxicological studies as a test of
liver function. Dickes et al. found the assay of serum alka­
line phosphatase useful for detecting liver damage in patients 
who had received chlorpromazine. High serum alkaline phos­
phatase activity has also been found to be indicative of liver 
damage caused by xylidine (Svirbely, Monaco and Alford, 1946). 
In experimental studies of carbon tetrachloride poisoning in 
dogs (Freeman, Chen and Ivy, 1958; G-omall and Bardawill,
1952) serum alkaline phosphatase levels were shorn to be 
useful in detecting liver dysfunction. Measurement of serum 
phosphatase levels has also been applied in clinieal and 
experimental trials of the effects of pesticides on man and 
other mammals. One such pesticide is the Shell insecticide 
dieldrin.
Dieldrin
Properties and uses of dieldrin
Dieldrin is the common name for an organachlorine
; " -31- ,
insecticide manufactured by Shell Nederland Chemie,
Rotterdam. The product contains at least 85 per cent. HEOD, 
the abbreviation for 1,2,3,4,10, 1O-hexachloro -6, 7-epoxy-l, 
4, 4a, 5, 6, 7, 8, 8a - octahydro -1, 4, 5, 8 - endo - exo - 
dimethanonaphthalene. The structural formula and spatial 
configuration are shown diagrammatically below:
.(after Jager, 1970).
The major use of dieldrin is to control crop 
insects, although it is also applied to the control of 
locusts, termites and disease vectors. The insecticide acts 
by affecting the central nervous system.
Toxicological studies
The toxicity of dieldrin for man and other animals 
has been well investigated. The ultimate objective of such 
studies has been to find the acceptable daily intake of 
dieldrin for man as defined by the joint meeting of the 3?AO 
and WHO (1968). Studies on man have entailed low dosage
. -32-7 . .
trials with human volunteers (Hunter, Robinson and Roberts, 
1969) and investigations of accidental poisoning as well as 
surveys of the health of workers exposed to the insecticide 
(Jager, 1970).
Experimental studies in animals have included rats, 
mice, guinea pigs, monkeys, rabbits, and dogs. The acute 
toxicity levels of dieldrin for a variety of animal species 
are summarised by Hodge, Boyce, Deichmann and Kraybill, 
(1967), The effect of long term exposure to much lower 
quantities of dieldrin has been studied in monkeys, (Zavon, 
Tye and Stemmer, 1967), rats and dogs (Walker, Stevenson, 
Robinson, Thorpe and Roberts, 1969)• The results of studies 
of the effect of dieldrin on dogs are of interest in this 
present work.
Fitzhugh, Nelson and Quaife (1964) fed varying 
doses of dieldrin to dogs and found that at a level of 0 ,2 mg 
dieldrin per kilogram body weight, there was no measurable 
effect. However, other investigators (Treon and Cleveland, 
1955) found increased liver weight in dogs fed dieldrin in 
low doses of 1 or 3 parts per million in the diet.
The effect of oral administration of dieldrin to 
dogs at 0 .2 mg. per kilogram per day was re-examined by
1
V/alker (1966, 1967) at the Tunstall Laboratory of Shell 
Research. Two dogs, one male and one female were fed 
dieldrin at this dosage over several years. The animals were 
carefully monitored over this period for any changes 
attributable to the insecticide. No effects were observed 
other than an increase in serum alkaline phosphatase activity 
in both dogs. A two year study was started at the same labor 
atory, (V/alker et al., 1969) in which groups of beagle puppie
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were fed dieldrin at the levels of 0 .05 or 0.005 mg. per . 
kilogram per day. The general health, behaviour and body 
weights were recorded. Blood samples were taken at regular 
intervals for haematologic and clinical chemistry determin­
ations. Additional tests were examination of urine, electro­
encephalograph recordings and bromosulfthalein clearance, 
a test of liver function. After sacrifice the major viscera 
were weighed and a variety of tissues examined histologically.
A slight decrease in total serum protein was ob­
served in male dogs at the top dose level. However, this 
observation was considered by the authors to be of no toxi- 
cological significance. The only other abnormality was a 
raised serum alkaline phosphatase activity in dogs fed 
dieldrin at the 0.05 mg level. This increase became apparent 
after about four months dosing with dieldrin, by which time 
the high levels of serum phosphatase activity, normally found 
in young animals, had begun to decline in controls. The 
serum phosphatase activity of dogs fed the top dose of 
dieldrin remained elevated.
This increase in serum phosphatase activity was of 
particular interest since it was not accompanied by any other 
recognisable pathological changes® There was no increase 
in liver weight and the liver tissue appeared normal on 
histological examination. None of the other tissues examined 
showed any abnormality which might account for an increase in 
the serum enzyme. Moreover, in a parallel study of the effect 
of dieldrin on rats (Walker et al.,'1969) serum alkaline 
phosphatase levels remained unchanged during the long term 
administration of dieldrin.
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The question of the origin of increased serum 
alklaline phosphatase in dieldrin - treated dogs, prompted 
the present investigation.
The present study
Aim
The aim of the investigation was to find the tissues 
od origin of the increased serum enzyme. It was also impor­
tant to determine whether the increase was due to additional 
enzyme of the type normally present in dog serum or to alka­
line phosphatase from tissues which do not usually contribute 
to the serum enzyme activity. In order to establish which of 
these possibilities was correct, the origins of alkaline 
phosphatase in normal dog serum were also investigated.
The antigenic and electrophoretic properties of the 
alkaline phosphatases were chosen as a means of identifying 
enzymes from different tissues. It was hoped that by the use 
of both immunological techniques and electrophoretic analysis, 
the phosphatases from several major tissue, sources could be 
differentiated from each other sufficiently well to enable 
identification of the serum enzyme. Biochemical methods for 
differentiating dog alkhline phosphatases were used in a 
parallel study (El-Aaser, Reid and Stevenson, 1972)®
The tissue alkaline phosphatases chosen for inves­
tigation were those considered to be most likely to contribute 
to the serum enzyme, namely bone, liver, intestine and kidney. 
Bone has been described as the major source of serum alkaline 
phosphatases in both normal and hyperphosphatasemic sera 
(Gutman, 1959)© More recently the serum enzyme has been
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shown to resemble liver alkaline phosphatase (Smith et al., 
1968).
The presence of intestinal phosphatase in some 
human sera has also been reported (Posen, Neale, Birkett 
and Woods, 1967).
The kidney is rich in alkaline phosphatase (Nagode, 
Koestner and Steinmeyer, 1969a), but has not been described 
as a source of the enzyme in normal serum. Kidney phosphatase 
was included in this study, however to determine whether it 
might contribute to serum enzyme activity in dogs treated 
with dieldrin. It was also used for comparison with the 
alkaline phosphatase present in dog urine.
Outline plan
The first stage of the investigation was to charac­
terise the alkaline phosphatases from the chosen tissues by 
their electrophoretic and immunologic properties. The main 
objective in the immunological studies was to raise antisera 
to tissue extracts of alkaline phosphatase and to examine 
these antisera for cross reactions.- If necessary, the anti - 
sera were to be made tissue - specific by adsorption. Immuno­
diffusion in agar gel was used for qualitative determinations 
of enzyme - antibody reactions. A tube precipitation tech­
nique was used for quantitation.
The second stage entailed comparison of tissue 
alkaline phosphatases with those of sera from normal and 
dieldrin treated dogs in an attempt to identify the source 
of the serum enzyme. Serum alkaline phosphatase was compared 
directly with extracts of tissue phosphatases by electrophor­
etic analysis. In immunological investigations, antisera
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to tissue alkaline phosphatases were used to characterise 
the serum enzyme. An attempt was also made to raise antisera 
in rabbits to dog serum alkaline phosphatase by injection of 
serum. Any antienzyme antibody so produced would be examined 
for reaction with alkaline phosphatases from tissues.
Naturally, during the course of the investigation, 
certain difficulties arose. It was found possible to raise 
antisera only to dog intestinal and kidney alkaline phospha­
tases. Antisera produced in response to injection of liver 
and bone extracts and of dog sera, contained no detectable 
antienzyme antibody. A variety of different preparations 
of dog liver enzyme were used for immunisation but no anti­
phosphatase antibody was produced®
Antisera to dog intestinal and kidney phosphatases 
were used for the immunological characterisation of phospha­
tase in dog sera. The work was extended to include an inves­
tigation into the origins of alkaline phosphatase in dog 
urine®
Alkaline phosphatase was extracted from cultures 
of some of the predominant bacterial colony types isolated 
from dog duodenum and faeces. The relationship between these 
enzymes and the phosphatase extractable from dog intestinal 
mucosa was investigated by electrophoretic analysis and by 
reaction, with antiserum to dog intestinal phosphatase. This 
antiserum was also used in an immunofluorescence technique 
for localisation of alkaline phosphatase in sections of dog 
intestine.
MATERIALS AND METHODS
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MATERIALS AND METHODS
P-Ogs
Dog material was obtained from adult experimental 
beagles at Shell Laboratories, Sittingbourne, Kent. Treat­
ment of animals with dieldrin was carried out by oral 
administration of capsules of HEOD in olive oil at a daily 
dosage of 0.2 mg./kg. body weight. Two dogs (one male, one 
female) were treated for eight years and three dogs (two 
male, one female) for one year and one dog (male) for six 
months. Matched control animals were available for each of 
the dieldrin treated dogs.
Biochemical assay methods
Determination of protein concentration
Protein concentration was estimated by measuring
the optical density of solutions at -2-80mu on a spectro- 
1photometer . The standard was 0.1 per cent, bovine serum 
albumin^.
Assay of alkaline phosphatase activity
p-Nitrophenyl phosphate was used as substrate 
for the estimation of enzyme activity. The buffer was 0.05 M 
Ha H C07 adjusted to pH 9.5 with 0.2 M Na0 CO.*. The 
reaction mixture was as follows
0.1 ml. 0.1 M pNPP in buffer 
0.1 ml. 0.005 M McC12 
0 .2 ml. distilled water
3^SP500 spectrophotonetcr —■ Pye IJniccm'Ltd. Cambridge.
..Sigma (London) Chemical Co. Ltd.
 ^pr itro'ohenyl •■Dhosphats di ITa salt “* Koch. Light Ltd. Bucks*
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0.1 ml. of the solution to be assayed was added and the mix­
ture incubated at 37°C. The reaction was stopped by the 
addition of 2.5 ml. 1 M NaOH. The optical density was 
measured at 400mu . A solution of 20pg. per ml. p-nitrophenol 
(pNP) was used as standard. The optical density of 0.5 ml. 
of this solution in 2.5 ml. 1 M NaOH was read at 40Qip. • En­
zyme activity was cal'culated as follows:-
X *= molecular weight nNP x optical density of standard 
concentration of pNP in standard
nmoles pNP/minute/ml. enzyme solution
= optical density of sample _____
X xincubation time x volume of enzyme 
in minutes solution taken
Extraction and purification of dog: 
alkaline phosphatases
Tissue alkaline -phosphatases
Collection of tissuesc Untreated, normal dogs were used as 
a source of tissue alkaline phosphatases. The dogs were 
sacrificed humanely by the use of a captive bolt pistol and 
bled out by the brachial artery. Where possible, partial 
perfusion of the liver with isotonic saline was carried 
out in situ. The small intestine was washed free of contents 
with running tap water immediately after excision. The 
tissues taken for extraction of phosphatase were kidney, 
liver, intestine, bone and bladder. When necessary, the 
tissues were stored at ~20°C until required.
Bone. Bone phosphatase was extracted by a modification of 
the procedure of Martland and Robison (1929). Eemurs and
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humeri of four adult dogs were used. The bones were trimmed 
free of fat and muscle tissue, frozen in liquid nitrogen 
and shattered with a mallet. The fragments were left for 
48 hours at room temperature in 500 ml. distilled water 
containing 1 ml. chloroform. The supernatant was separated 
by filtration and the fragments subjected to a further 
extraction. The solutions were pooled, dialysed at 4°C for 
24 hours against distilled water and lyophilised. The 
powder was redissolved in 10 ml. isotonic saline.
Kidney. Kidney alkaline phosphatase was obtained by the 
procedure of Albers (1940), as modified by Schlamowitz 
(1954b). The capsule and pelvic region were removed-and 
the remaining tissue was homogenised in an Atomix blender^ 
With an equal volume of 50 per cent, ethanol and 0.1 volume 
of a 1:1 mixture of ethyl acetate and toluene. The 
homogenate was allowed to autolyse at room temperature for 
72 hours, the pH being maintained at 6 .8 to 6.9 by addition 
of dilute NaOH. The preparation was centrifuged at 18,000 
r.p.m. for 50 minutes at 4°C and the deposit discarded. The 
pH of the supernatant was adjusted to 5.0 at 10°C and the 
preparation was held at —10°C for 2 hours. The precipitate 
was removed by centrifugation at 10,000 r.p.m. for 20 
minutes. Alkaline phosphatase was precipitated from the 
supernatant by the addition of 1 .5 volumes of absolute 
ethanol at 4°0. After centrifugation at 10,000 r.p.m. for 
20 minutes at 4°C, the supernatant was discarded. The 
precipitate was washed with absolute ethanol and allowed to
\[S3 Ltd., Oracle};-, Sussex.
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dry thoroughly at room temperature. It was redlssolved in 
5 ml. isotonic saline and the preparation was stored at 
—20°C.
Intestine, The mucosa of the small intestine was obtained 
by gentle scraping. An equal volume of 50 per cent, ethanol 
with 0.1 volume of ethyl acetate:toluene 1:1 was added 
with stirring. The procedure for extraction of alkaline 
phosphatase was then as described above.
Bladder. The initial homogenisation of bladder tissue was 
carried out in a 25 ml. glass vessel attached to an M.S.E. 
homogeniser. Extraction of alkaline phosphatase was 
accomplished as described for the kidney enzyme, except that 
the final precipitate was redissolved in 0.75 ml. saline. 
Liver. Liver tissue was dissected free of the gall bladder 
and bile duct. The tissue was soaked in several changes of 
isotonic saline at 4°0 -to remove excess blood.
Extraction of phosphatase by autolysis. Homogen­
isation was carried out in a Sunbeam Mixmaster.
The extraction procedure was similar to that des­
cribed for kidney alkaline phosphatase except that 
in the final precipitation of enzyme from the 
supernatant, an equal volume of absolute ethanol 
at 4°C was used to reduce precipitation of proteins 
other than liver phosphatase.
Further purification of liver phosphatase by gel 
filtration. A sample of liver phosphatase
in saline, prepared by the method of autolysis 
was subjected to further purification by filtration
. - 42-  ■
1
through Sephadex G-200 in a column of 400 ml.
p
capacity, internal diameter 2 cm. • The running 
buffer was 0.1 M Tris^ with 1'M NaC1 at pH 8.0.
1 gm. glucose was dissolved in 5 ml. of liver 
phosphatase solution to improve stability of the 
sample during separation. 3 ml. of sample was 
loaded onto the column and the eluant was collected 
in 5 ml. fractions. Collection was started after 
30 ml. had been eluted from the column. The 
protein concentrations and phosphatase activities 
were measured as described on page 33 . The 
fractions containing enzyme activity were pooled 
and dialysed against distilled water to remove 
buffer constituents. The preparation was 
lyophilised and reconstituted in 5 ml. normal 
saline.
Butanol extraction. This was carried out by a 
modification of the method of Morton (1954)* The 
tissue was homogenised in an equal volume of 0.25 M 
sucrose. A volume of n-butanol, equal to the 
original weight of liver tissue was added with 
stirring. The homogenate was incubated at 37°C 
for 1 hour followed by storage at 4°C for 24 hours. 
After centrifugation at 3,000 r.p.m. for 30 minutes 
at 4°C,' the majority of enzyme activity was found 
in the aqueous phase. Acetone was added at 4°0
1
^Pharmacia Ltd. Uppsala, Sweden.
Quickfit Instrumentation, James A. Jobling Ltd. , Staffs0
^Tris (hydroxymetbyl) aminomcthane — Sigma (London) Chemical Co. Ltd.
to this solution to a final concentration of 40 
per cent, and the preparation was centrifuged at 
5,000 r.p.m, for 20 minutes at 4°C. The super­
natant and the precipitate, which was redissolved 
in 20 ml. isotonic saline, were dialysed extensive­
ly in the cold against distilled water to remove 
butanol and acetone. The phosphatase activity 
was found to be retained in the supernatant 
fraction. The dialysed supernatant was concen­
trated to one tenth of its original volume in an 
ultrafiltration cell^ and stored at -20°C.
Serum alkaline phosphatase
Collection of blood. Blood was collected from normal and 
dieldrin treated dogs at the time of sacrifice as previously 
described. Blood samples were also used which had been 
obtained from normal and treated, dogs, by bleeding them from 
a leg vein.
Separation of serum. The blood was allowed to clot at room 
temperature and clot retraction was facilitated by keeping 
the sample at 4°C for several hours. The serum was separ­
ated by centrifugation at 3,000 r.p.m. for 10 minutes. The 
samples were stored at -20°C. 1
Concentration of serum and purification of serum enzymes. 
Concentration of serum was accomplished by freeze drying.
For gel filtration, the lyophilisate was redissolved.in 
saline to approximately one tenth of the original volume 
of serum. Separation was carried out on Sephadex G-200 
in a running buffer of 0,1 M Tris with 1 M NaCl. A ,
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1column 1m by 3 cm. was used for the separation of normal 
dog serum. A 50 cm. by 3 cm. column was used for serum 
from a dieldrin treated dog. The eluted fractions contain­
ing alkaline phosphatase activity were pooled, dialysed 
against distilled water and lyophilised.
Urinary alkaline phosphatase
Urine samples obtained by catheterisation, were 
centrifuged to remove particulate matter. The samples were 
washed free of small molecular weight inhibitors described 
by Amador, Zimmerman and Wacker (1963) in an ultrafiltration 
cell,membrane PM 30, and concentrated to one tenth of the 
original volume. The concentrates were stored at —20°C.
Production and extraction of bacterial 
alkaline phosphatase
Isolation of strains
A sample of the contents of the small intestine 
of a normal dog, obtained immediately after sacrifice, and 
a sample of faeces were plated out on nutrient agar. After 
incubation at 37°C for 48 hours the predominant colony types 
were isolated and purified by subculture.
Culture of organisms for enzyme production
Bacterial alkaline phosphatase was obtained 
essentially as described by Garen and Levinthal (i960).
The main features of this method are culture of the organisms 
in a medium low in phosphate and extraction of phosphatase 
from the cells at 82 °C.
10 litres of growth medium was prepared in the
The 1 fi, by ;• c™. column was manufactured 'in - the Glassbloniny 
Department, .University of Surrey*
1
culture vessel and sterilised by autoclaving at 15 lb.
for 2 hours. 500 ml. of an 18 hour culture of the organism
in the same medium was used as inoculum. The culture was
incubated at 37°C for 20 hours with aeration and stirring.
Alternatively, the organisms were cultured in
several flasks containing 200 ml. of growth medium. 10 ml.
cultures were used as inocula. The flasks were incubated
at 37°C for 20 hours on an orbital shaker.
Extraction of alkaline -phosphatase from cultures
The 10 litre culture was passed through a centri—
2fugal separator at room temperature; the flask cultures 
were separated by centrifugation for 30 minutes at 3 ,000  
r.p.m. The cell mass was resuspended in 50 ml. of 0.1 M 
Tris buffer at pH 7.4. The cells were held at 82°C for 
15 minutes and the preparation was dialysed against 0.1 M 
Tris buffer pH 7.4 for 20 hours at 4°C. The dialysate was 
centrifuged at 18,000 r.p.m. for 30 minutes at 4°C and the • 
pellet was subjected to 3 successive cycles of centrifugation 
and resuspension in 25 ml. buffer. All supernatants were 
pooled and given a final centrifugation for 1 hour. The 
resulting supernatant was dialysed in the cold against 0.15 
M NaC1 for 20 hours and concentrated in an ultrafiltration 
cell to a final volume of 25 ml. The preparations were 
stored at —20°C.
Electrophoretic analysis of 
alkaline phosphatases
Electrophoresis of alkaline phosphatase preparations
Vicroferm Lob. Fermentor (model MP-ll^E) — New Brunswick Scientific 
rpo. Inc., New JeDrsey, U.S.A.
Xentrifugal Sepo.rs.tor (model LAP 102B~25/) Alpha Laval Co. Ltd.,
Brentfcrd, Niddx.
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and sera was carried out on polyacrylamide gel as des­
cribed by Smith, Lighstone and Perry (1968).
The concentrations of the tissue extracts and 
bacterial alkaline phosphatase preparations were adjusted 
so that the activities were approximately equal to that 
of normal serum* 20pl jof a 2:1 mixture of sample and the 
serum of a normal dog (female, 8 years control) was loaded 
onto each gel column. The serum was included as a refer­
ence and as a means of stabilising the sample during 
loading.
Enzyme location was'determined-by-the diazo
coupling technique using p-napthyl phosphate as substrate.
21 mg. per ml. (3-napthyl phosphate and 1 mg. per ml. 
diazonium salt Fast Blue BB^ were dissolved in 0.05 M 
NaHCO^ buffer pH 9.5* The solution was clarified by rapid 
filtration through filter paper in a Buchner funnel.
The gels were incubated in this solution at 57°C. 
Phosphatase activity was denoted by a purple colouration 
of the gel. After incubation, the reaction was stopped by 
replacing the substrate solution by 7 per cent, acetic acid. 
The relative mobilities of the various phosphatases were 
calculated with reference to the mobility of the normal 
serum alkaline phosphatase band.
i 1
Acrylanide, NTT — raethylenebisacrylamide and 
. (Temod) —  B.D.H. Chemicals., Dorset.
^Disc electrophoresis apparatus —  Shandon Southern Ltd., Surrey.
^Sigma (London) Chemical Co. Ltd,
''G-eorgo T. G-urr Ltd0, London.
t e t rame thvl ene d i a .rain
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Production of antisera to dog 
alkaline phosphatases
Rabbits
The rabbits used for antiserum production to dog 
alkaline phosphatases were New Zealand White Strain (male 
and female, 2.5 - 3>5 kg.) at Shell Research Laboratories, 
Sittingbourne, Kent. Dutch Strain rabbits (male, 2.0 - 2.5 kg 
were used at the University of Surrey, Guilford.
Production of antisera to serum alkaline phosphatase 
Selection of mode of injection. Three different methods of 
injection of normal dog serum protein were investigated. A 
total of 40 mg. dog serum protein was administered to New 
Zealand White Strain rabbits, three animals being used for 
each injection schedule. The procedures were as follows
a) Four intravenous injections at weekly inter­
vals of 0 .2 ml. 50 per cent, normal dog serum in 
saline. .
b) Intramuscular injection into each thigh of 
20mg. dog serum protein precipitated with alum.
The alum adjuvant was prepared by adding 10 ml.
of a 1 per cent, solution of potassium aluminium
/
sulphate to 80 ml. of a 1 in 50 dilution of serum. 
0.1 M NaOH was added to maximum turbidity. After 
centrifugation, the precipitate was resuspended 
in 1.6 ml. isotonic saline.
c) Subcutaneous injection of 10 mg. dog serum 
protein in Freund complete adjuvant at four sites 
in the back.
Methods (a) and (c) were also used for the production of 
■^ agt<g adjuvant complete H37R- ~ Pifco Laboratories, Detroit, Michigan,
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antisera to the serum of a dieldrin treated dog (male, 8 
years treatment).
Collection and separation of antisera. The rabbits were 
bled from the marginal vein of the ear four weeks after the 
initial injection and then at weekly intervals for three
weeks. The blood was allowed to clot and the serum was
separated by centrifugation at 3,000 r.p.m. for 10 minutes 
at room temperature. The serum was stored at -20°C.
Antibody activity was estimated by double gel diffusion as 
described on page 51 •
Production of antisera to partially -purified serum enzymes.
Gel filtration of serum samples from normal and dieldrin
treated dogs was accomplished as detailed on page 43.
Normal dog serum. 150 ml. normal dog serum was
separated by filtration on Sephadex G200. The
lyophilisate containing alkaline phosphatase, was
redissolved in 10 ml. saline. The enzyme activity
of this solution was O.IOionoles pN P/minute /ml.
and the protein concentration 34 .8 mg./ml. A
total of 21 mg. protein in Freund complete
adjuvant was injected subcutaneously into each
of two New Zealand White rabbits. The rabbits
were bled after four weeks and antibody activity
examined by the gel diffusion technique. A
second set of injections of a total of 21 mg.
1protein in Freund incomplete adjuvant was given
n.* Ariacel A — Sigma (London) Chemical Co. Ltd.
Liquid paraffin (light) — B.D.H. Chemicals. Dorset.
The Freund incomplete adjuvant was prepared by mixing 30 ml. Arlacel A 
and 1.70 ml. light paraffin. The preparation was sterilised bv auto— 
claving at 15 lb. for 13 minutes.
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and the animals were bled after one week and at 
weekly intervals for four weeks,
Dieldrin dog serum. 90 ml. serum from a dieldrin 
treated dog (male, 8 years treatment) was fraction­
ated by gel filtration and the fractions contain­
ing phosphatase were pooled, dialysed and freeze 
dried. The enzyme activity of the lyophilisate, 
redissolved in 10 ml. saline, was 0*24u moles 
pNP/minute/ml. and the protein concentration 30.5 
mg./ml. A total of 18 mg. was injected into two 
rabbits as described for partially purified phos­
phatases from normal dog serum. 18 mg. protein 
was also used for the second set of injections.
Production of antisera to tissue extracts
Bone. Bone phosphatase extract, enzyme activity 1.46u moles 
pliP/minute/ml. and protein concentration 8,3 mg./ml. was used 
for injection into three Dutch strain rabbits. Each animal 
received a total of 5 mg. protein in Freund complete adjuvant 
by subcutaneous injection at three sites in the back. The 
same dose was administered eight weeks later in Freund 
imoomplete adjuvant and was followed one month later by five 
intravenous injections at weekly intervals of 2 mg. enzyme 
protein in saline. The rabbits were bled weekly from four 
weeks after the initial injections until four weeks after 
the completion of the course. Antibody activity was exam­
ined by gel diffusion and precipitation techniques as des­
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cribed on pages 51 > 52.
Kidney. Three New Zealand White strain rabbits were inocu­
lated with a preparation of kidney phosphatase of enzyme 
activity 13»3\i moles pNP/minute/ml. and protein concen­
tration 9*5 mg./ml. A total of 6 mg. protein in Freund 
complete adjuvant was injected at six sites in the back.
The animals were bled after four weeks and at 
weekly intervals for four weeks.
Intestine. Antisera to intestinal phosphatase were raised 
in three rabbits as described for the kidney enzyme. A 
preparation of intestinal phosphatase containing 80a moles 
pNP/minut e/ml. and 10.3 mg./ml. protein was used for incou- 
lation.
Liver. Three different preparations of dog liver phosphatase 
were used for antiserum production.
Injection of crude liver extract prepared by the 
method of autolysis. A preparation of liver 
phosphatase was injected into three New Zealand 
White strain rabbits as described for the kidney 
enzyme. The enzyme activity of the preparation 
was 6.05 V- moles pNP/minute/ml. and protein concen­
tration 17.4 mg./ml. 10 mg. protein was used for 
the first set of injections and again eight weeks 
later for subcutaneous inoculation in Freund in­
complete adjuvant.
Injection of liver phosphatase purified by gel fil­
tration. Two Dutch Strain rabbits were inoculated 
with liver enzyme purified by chromatography on 
Sephadex G-200. The enzyme activity of the prepar­
-51-
ation was 0.13\i moles pNP/minute/ml. and the 
protein concentration 2.9 mg./ml. A total of 
2 mg. protein in Freund complete adjuvant was 
injected subcutaneously at six sites in the back. 
The injections were repeated eight weeks later in 
Freund incomplete adjuvant. The rabbits were bled 
a month after the first injection and then weekly 
for eight weeks.
Injection of butanol extract. Two Dutch Strain 
rabbits were injected with a butanol extract of 
liver alkaline phosphatase. A total of 10 mg. 
protein in Freund complete adjuvant was injected 
intradermally at four sites in the back. The 
enzyme activity of the. preparation used was 4.32p. 
moles pNP/minute/ml. and the protein concentration 
,15.3 mg./ml. The animals were bled after four 
weeks and then weekly for six weeks.
Characterisation of alkaline phosphatases 
by j-mmunological methods
Double gel diffusion
The technique of Ouchterlony (1958) was used to 
detect reactions between alkaline phosphatases and their 
antisera, and to demonstrate cross reactions between these 
sera and phosphatases from other sources.
1 per cent. Ionagar in saline was autoclaved at 
10 lb. pressure for 10 minutes and dispensed into Petri 
dishes in 15 ml. volumes. Wells 3mm. in diameter were cut
^Ionagar No.. -2 — Oxoid Ltd., London.
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on a template so designed that the distance between the 
central well and each of the six wells surrounding it, was 
4 mm, • The base of each well was sealed with molten agar.
Antiserum was usually placed in the central well 
and antigen solutions in the surrounding ones. Diffusion 
was allowed to occur at 4°C for 2 to 14 days. The plates 
were then soaked in several changes of isotonic saline to 
remove unprecipitated material before staining.
The plates were stained either for alkaline 
phosphatase activity or for protein. For phosphatase stain­
ing, the same diazo coupling technique was employed as that 
described on page 46 for enzyme location in polyacrylamide 
gels after electrophoresis. Plates to be stained for 
protein were first fixed in 7 per cent, acetic acid and 
stained with an aqueous solution of 1 per cent, nigrosin.
The excess stain was removed by soaking the plates in tap 
water.
Precipitation
A1 tube precipitation technique was used for the 
quantitive determination of reactions between alkaline 
phosphatases and . antiphosphatase sera. The estimations 
relied upon measuring the amount of phosphatase activity 
remaining in supernatants after all enzyme — antibody 
complexes had been removed. Prom this, the quantity of 
enzyme which had combined with antibody, could be calculated.
The technique consisted of three stages: The
solution containing phosphatase was first allowed to react 
with antiphosphatase serum. Antiserum to rabbit globulin
-53-
was then added to precipitate fully all complexes of rabbit 
antibody and enzyme. Finally, the alkaline phosphatase 
activity of the supernatant was measured.
Precipitation tests were carried out in chemically 
clean glass tubes 4 inches by -§* inch. Rabbit antiphosphatase 
serum was added to 200 ul of the phosphatase solution to be 
investigated. The volume of antiphosphatase serum used, 
usually 5 ul* , was known to be an excess. It had been shown 
by previous titrations to be capable of combining with all 
alkaline phosphatase in a solution of its homologous antigen 
of greater activity than that of the solution under investi­
gation.
5|il normal rabbit serum was added to controls in
place of antiserum. All tubes were held at 4°C for 24 to
48 hours. 200 |ii of a suitable dilution of anti rabbit
1immunoglobulin serum in saline was then added to each tube. 
The antiglobulin serum was pre-titrated to determine the 
optimal dilution for precipitation of rabbit globulin in 
the 5 'A volume of antiphosphatase antiserum used in the 
test. The tubes were incubated at 4°C for a further 24 hours 
and the precipitate was removed by centrifugation at 2,500 
r.p.m. for 30 minutes at 4°0. The alkaline, phosphatase 
activities of the supernatants were determined as described 
on page 58.
Localisation of alkaline phosphatase in
tissue sections by immunofluorescence
Washed segments of small intestine from a normal
* A^nti rabbit globulin precipitating serum (donkey) — Wellcome Reagents 
Ltd.» Kent.
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dog were frozen onto cork discs using a jet of solid carbon
dioxide* 4p, transverse sections were cut on a cryostat
and fixed in acetone for 10 minutes on glass slides* The
sections were flooded with antiserum to intestinal alkaline
phosphatase or with normal rabbit serum and kept at room
temperature for 30 minutes* The serum was washed off with
1
three changes of buffer , pH 7*2*The slides were left in 
buffer for 10 minutes* The sections were then flooded with
2antiglobulin serum labelled with fluorescein isothioeyanate *
This serum had been adsorbed previously by incubating 1 ml*
3 oserum with 100 mg. pig liver powder-^ for 2 hours at 50 C*
The serum was diluted 1 in 5 in buffer before use*
After 15 minutes incubation at room temperature, 
the slides were washed twice with buffer and left in buffer 
for 10 minutes. The sections were mounted under coverslips 
in buffered glycerol^, pH 7*2, and viewed -under ultraviolet 
light using objectives x10 and x40.
^BactcHFA buffer**- Difco Laboratories, West Molesey, Surrey*
‘"Anti— rabbit immunoglobulin (sheep) fluorescein labelled —  Wellcome 
,Heagents Ltd., Kent*
.Icome He agents Ltd*
‘iBaeto—FA mounting fluid — Difco Laboratories*
^Orthoplan microscope — 3, I-eits (instruments) Ltd., London* Primary 
filter BG 12, secondary filter 0£ A*
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Production of antisera to alkaline 
phosphatases of sera and tissues
Experimental design •
: Attempts were made to raise antisera in rabbits 
to the alkaline phosphatases present in normal dog serum 
and in that of a dog treated with dieldrin. Any anti- 
enzyme serum so produced would then be tested for reaction 
with alkaline phosphatases obtained from tissues, in order 
to determine the source of the dog serum enzyme.
Tissue extracts from dog bone, kidney, liver and 
intestine were also used for raising antisera to alkaline 
phosphatase. Such antisera would then be used for testing 
for antibody activity against the alkaline phosphatases 
present in dog serum.
The preparation of antigens and the injection 
schedules used are described on pages 39, 47. The rabbits used 
for antiserum production are listed in Table I, in which the 
reactions of the sera with their antigens in gel diffusion 
tests are also summarised.
Antibody production to dog sera
Three different modes of injection of rabbits 
were examined to find the one most effective for the pro­
duction of antibodies to dog sera. Rabbits were injected 
with whole serum from normal or dieldrin treated dogs by 
the intravenous route, intramuscularly with alum precipi­
tated serum or subcutaneously with serum emulsified in 
Freund complete adjuvant. The antisera were examined for 
antibody activity against dog serum by gel diffusion and the 
plates stained for protein or for alkaline phosphatase
TABLE 1
Antiserum production to dog alkaline phosphatases
Antigen Mode of 
injection
Animal
numbers
Reaction in gel diffusion 
■nlates with homologous antigen
Number.of 
precipitation 
lines
Alkaline phosphatases 
activity in 
precipitate
Normal i/v 143 1
dog.serum 144 2 —
146 3 -
It i/m in 165 1 _
alum 156 1 -
ad juvant 159 2 —
It s/c in 158 3 _
FCA 157 * *
133 4 —
Dieldrin i/v 161 * *
dog serum 162 1 -
127 2 -
i s/c in 164 3 _
FCA 137 3 -
135 5 ■ -
Normal dog s/c in • 2 _
serum (G200) FCA • 2 —
Dieldrin s/c in # 2 _
dog serum FCA • 3 —
(G200)
Intestinal s/c in 570 " 2 +
extract FCA 585 2 +
567 - -
Kidney s/c in 591 3 +
extract FCA 589 3 +
584 3 +
Bone s/c in 773 3 _
extract FCA 769 2 —
771 4 —
Liver s/c in 639 2 _
extract FCA 640 3 —
(autolysis) 641 3 —
Liver s/c in -• 2 —
extract FCA • 2 —
(G200)
Liver i/d in # 3 _
extract FCA • 3 —
(butanol)
FCA - Freund complete adjuvant. * Animals died during 
the course of the experiment.
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•activity.
The most effective method for antibody production 
to dog serum proteins was that of subcutaneous injection 
of the antigen in Freund!s complete adjuvant, as judged by 
the number of lines formed in gel diffusion plates. As 
detailed in Table I, at least three lines of precipitation 
were formed between dog .serum and antisera obtained from 
rabbits injected subcutaneously with serum in adjuvanto 
Antisera produced by other injection techniques gave a 
maximum of three lines with dog serum. However, none of the 
precipitation lines produced showed any evidence of enzyme 
activity when stained with p-naphthyl phosphate and Fast 
Blue BB.
An attempt was therefore made to produce antisera 
to serum alkaline phosphatase by injection of the serum 
enzymes, partially purified by gel filtration on Sephadex 
G-200. Rabbits were inoculated with the enzyme active 
fractions of normal serum or that of a dieldrin treated dog 
as detailed on page 48 • The antisera were examined in gel 
diffusion plates using whole serum, 10 times concentrated 
serum, or G-200 phosphatase fractions as antigens, 2 to 3 
lines of precipitate were formed by each of the antisera
- • i
but none of these lines stained for alkaline phosphatase, 
indicating that the antibody activity was directed against 
serum proteins other than alkaline phosphatase.
Antisera to alkaline phosphatases from tissues
Extracts of alkaline phosphatase from intestine, 
kidney, bone and liver were inoculated into rabbits by 
subcutaneous injection in Freund complete adjuvant. This
-60-
method was chosen as it had been found to produce a greater 
response to dog serum proteins in rabbits than either the 
intravenous injection of serum or intramuscular inoculation 
of alum precipitated protein,
Intestineo Antibody to intestinal phosphatase was produced 
by two (570 and 585) of the three rabbits injected with 
intestinal phosphatase extract. In gel diffusion plates 
with intestinal alkaline phosphatase, the antisera produced 
two precipitation lines, both of which showed considerable 
alkaline phosphatase activity as shown, in Plates 1 and 2.
The ability of antiserum (570) to precipitate 
intestinal phosphatase from solution in the absence of 
antiglobulin serum was investigated. An extract of intes­
tinal phosphatase was diluted in saline to an activity of 
0,09 ji moles pNP/minute/ml. Increasing volumes of anti- 
serum (570) were added to 0.5 ml. aliquots of this solution. 
The range of antiserum volumes used was 0 to 5Oil in 
increments of 5pl« Tubes containing these volumes of anti- 
serum in saline were used as blanks. The tubes wereleft 
at 37°C for 50 minutes and overnight at 4°C, The precipi­
tate was sedimented by centrifugation at 3,000 r.p.m. for 
30 minutes at room temperature and 0.1 ml. of the super­
natants was assayed for phosphatase activity as described 
on page 38 . Results are given in Table 2,
The enzyme activities of supernatants from tubes 
containing antiserum were considerably less than those 
containing intestinal phosphatase alone, indicating that 
alkaline phosphatase had been precipitated from solution by
- 61 -
PLATE 1
Gel diffusion reaction between intestinal 
alkaline phosphatase extract and its antiserum
©© ©
©
© ©
©
Plate stained with nigrosin.
1. Antiserum 570
2, 5. Bog intestinal phosphatase
extract.
©
© ©©
© ©
©
Plate stained with P-naphthyl 
phosphate and Fast Blue BB.
1. Antiserum 570
2, 5. Bog intestinal phospha­
tase extract.
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PLATE 2
Gel diffusion reaction between intestinal 
alkaline -phosphatase extract ard its anti serum
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anti serum. The addition of the smallest volume of anti- 
serum tested, 5 |il resulted in the greatest precipitation 
of phosphatase, the residual activity of the supernatant
9
being only slightly greater than that of the blank. In­
creasing volumes of antiserum resulted in a gradual increase 
in the phosphatase activity of the supernatants as shown in 
Figure 1, suggesting that a volume of 5iil antiserum under 
these conditions approaches the region of antibody excess.
It was apparent from Figure 1 that there was an 
optimal volume of antiserum which would bring about maximum 
precipitation of intestinal phosphatase. For the precipi­
tation of intestinal phosphatase from a solution of activity 
0.09 moles pNP/minute/ml. the optimal volume of antiserum 
required was less than 5j.il, It follows that for precipitation 
of the enzyme from solutions containing different concen­
trations of intestinal phosphatase, the optimal volume of 
antiserum required would also differ. In order to eliminate 
the need to find the exact volume required each time the 
antiserum was used, the technique was altered to include 
a second precipitation stage in which all globulin present 
in the rabbit antiserum was precipitated by the addition of 
antiglobulin serum.
200|ii volumes of intestinal phosphatase solution 
were dispensed into test tubes, and antiserum to intestinal 
phosphatase was added in volumes of 0 to 5jil in 1 jil in­
crements.' (A pool of antisera 570 and 585 was used for this 
experiment* owing to a shortage of serum 570). The added 
volume was made up to 5ul with normal rabbit serum so that 
the concentration of antiglobulin serum to be added at a
-65-
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later stage would be the same for each tube* The tubes
were incubated at 4°C for 24 hours* 200<ii of antiglobulin 
1serum was then added at a dilution shorn by previous 
titration to bring about complete precipitation of globulin 
in 5 ill antiserum* The tubes were incubated at 4°C for a 
further 24 hours, centrifuged at 2,500 r.p.m. for 30 minutes 
and the supernatants tested for phosphatase activity. The 
enzyme activity was read after 20 minutes incubation. Results 
are shorn in Table 3.
3pl antiserum was found to contain sufficient 
antienzyme antibody to combine with all the dog intestinal 
phosphatase present in the solution. With smaller volumes 
of antiserum the supernatants retained some enzyme activity, 
but when excess antiserum was used, complete precipitation 
was still achieved.
In all subsequent experiments in which the 
reaction was investigated between antiserum to intestinal 
phosphatase and other phosphatase extracts or dog sera, the 
volume of antiphosphatase serum used in the system was 
always an excess. On each occasion, the volume of antiserum 
added was shown to be sufficient to combine with all the 
phosphatase in an extract of intestinal phosphatase of 
greater activity than any of the other solutions under 
investigation.
Kidney. All three rabbits injected with the preparation of 
kidney alkaline phosphatase, produced antisera to the enzyme. 
■In gel diffusion plates, three lines of precipitate were
3 '
• Anti rabbit rre c in it at in" serum (clonka —  Wall.ccino Tlonrjonts
ltd., Kent.
TABLE 3
Effect of increasing volumes of antiserum to 
intestinal phosphatase on the activity 
of a preparation of intestinal phosphatase
Titration
1 "I antiserum
0 1 £ 3 4 5
Enzyme + antiserum 
(a)
1.06 0.10 0.10 0.06 0.06 0.06
Antiserum blank 
(b)
0.05 0.05 0.05 0.05 0.05 0.05
Enzyme
(a-b)
1.01 0.05 0.05 0.01 0.01 0.01
Entries in the table indicate optical density
at 400]5[ie after incubation of 0,1 ml. supernatant with
substrate'
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produced, one of which stained for enzyme activity (Plate 3)# 
The ability of antikidney phosphatase serum (591) 
to precipitate the kidney enzyme from solution was inves­
tigated. An extract of kidney phosphatase was diluted in 
saline to an activity of 0.05u moles pNP/minute/ml. To 
200j.il volumes of this solution, 0, 1, 3, 6 or 12j.il anti- 
serum was added. The tubes were left at 4°C for 48 hours, 
centrifuged and the supernatants assayed for phosphatase 
activity. Results are given in Table 4*
Enzyme activity was not precipitated completely 
by any of the volumes of antiserum used. Maximum precipi­
tation occurred with 3ffL antiserum as shown in Figure 2. 
However, the proportion of kidney enzyme activity which was 
precipitated, was markedly lower than the proportion of 
intestinal phosphatase precipitated by its antiserum 
(Figure 1).
The minimum amount of antikidney phosphatase 
serum (591) which would combine with all the enzyme present 
in a given preparation of kidney alkaline phosphatase, was 
investigated using antiglobulin serum. The method was as 
described on page 64for the titration of intestinal phospha­
tase, and its antiserum. Results are shown in Table 5*
2[.ii antiserum was found to be sufficient to 
combine with all the enzyme present in a solution, of kidney 
phosphatase of activity 0.03 ji moles pNP/minute/ml. In all 
subsequent experiments using antikidney phosphatase serum, 
the volume of antiserum was always an excess.
Bone. Sera from rabbits injected with bone-alkaline phos­
phatase gave two to four precipitation lines in Ouchterlony
- 6 9 -
PLATE 3
G-el diffusion reaction between kidney
alkaline phosphatase extract and its antisera
W. \x j
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Plate stained with p-naphthyl 
phosphate and Fast Blue BB.
1. Kidney alkaline phosphatase
extract*
2C Antiserum 591
4« Antiserum 589
6* Antiserum 584
TABLE 4
Effect of increasing volumes of antiserum to 
kidney phosphatase on the activity of 
kidney phosphatase
Titration
O ' .  P-L0 anti serum
o . i —  3 . 6___ 12
Enzyme + antiserum 
(a)
0.66 0.65 0.42 0.48 0.53
Antiserum blank 
(b)
0 0.01 0.02 0.03 0.05
Enzyme
(a-b)
0.66 0.64 0.40 0.45 0.48
Entries in the table indicate optical density
at 4 0 0 ‘u after incubation of 0*1 ml. supernatant with
substrate
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TABLE 5
Effect of increasing: volumes of antiserum to 
kidney phosphatase on the activity of 
a preparation of kidney phosphatase
Titration ul. an tl.se rum .0 1 2 3 4> 5
Enzyme + antiserum 
(a)
0.48 0.27 0.06 0.07 0.06 0.06
Antiserum blank 
(b)
0.06 0.06 0.06 0.06 0.06 0.06
Enzyme
(a-b)
0.42 0.21 0.00 0.01 0.00 0.00
Entries in the table indicate optical density
at 400ra|i.after incubation of 0.1 ml. supernatant with
substrate.
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plates when tested against a preparation of the bone enzyme. 
One of the lines showed a very faint purple staining on ■ 
incubation with p-naphthyl phosphate and Fast Blue BB, in­
dicating the presence of antibodies to bone alkaline phos­
phatase.
Sera 771 and 773 were examined for antiphosphatase 
antibodies by the tube precipitation, technique using anti­
globulin serum as described on page 52 . 5|ii volumes of
antibone sera were used. Results are shorn in Table 6.
Optical densities of supernatants resembled control 
values showing that no alkaline phosphatase had been removed 
by antibone sera. It was considered from these results that 
the sera contained no antibodies with specificity for bone 
alkaline phosphatase and that the apparent precipitation of 
bone phosphatase in gel diffusion plates was artefactual.
No further attempts were made to raise antisera <
to bone alkaline phosphatase owing to a shortage of bone
extract.
Liver. Antibodies to liver alkaline phosphatase were not 
produced by any of the animals injected with the preparation 
of liver enzyme extracted by the method of autolysis. Three 
precipitation lines were formed in gel diffusion plates but 
none of these lines showed enzyme activity when stained with 
p-naphthyl phosphate and Fast Blue BB. The absence of
antibodies to alkaline phosphatase was confirmed by the tube
precipitation test.
An attempt was made to raise antibodies to liver 
alkaline phosphatase by injecting a preparation of liver 
phosphatase partially purified by gel filtration on Sephadex
-74-
TABLE 6
Effect of antisera to bone phosphatase on 
activities of preparations of bone
phosphatase
Anti serum Normal Antiserum
used serum
771 0.35 0.34
775 0.16 0.16
Entries in the table indicate optical density at 
400nnaafter incubation of 0.1 ml. supernatant 
with substrate. Readings for serum blanks have
been subtracted.
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Gr200o The antisera produced gave two lines of precipitation 
in gel diffusion plates against the homologous antigen, but 
neither line showed any phosphatase activity*
Injection of butanol extract. The possibility 
existed that extraction of alkaline phosphatase 
from dog liver by a method other than autolysis 
might render the enzyme more antigenic in rabbits* 
Liver alkaline phosphatase prepared by butanol 
extraction of liver.was used for injection into 
two rabbits as described on page 51 • Both anti- 
sera gave three lines of precipitation in gel 
diffusion plates against liver alkaline phospha­
tase, but the precipitates showed no evidence of 
enzyme activity indicating that no antiphosphatase 
antibodies had been produced*
Injection of rats with dog liver alkaline phospha­
tase * An extract of dog liver phosphatase was 
injected into rats to determine whether the enzyme 
was more antigenic in this species than in the 
rabbit*
Three rats were inoculated subcutaneously 
at four sites in the back with 0*1 ml. dog liver 
phosphatase in Freund complete adjuvant • The 
enzyme extract, prepared by the methodof autolysis, 
had an activity of 6.00 ;i moles pNP/minute/ml.
The animals were sacrificed five weeks later by 
cardiac puncture, and antibody activity examined 
in gel diffusion plates*
A single diffuse line of precipitation
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was formed by all antisera with liver phosphatase 
extract. However, this precipitate showed no 
alkaline phosphatase activity on staining.
Production of antiserum to liver alkaline phospha­
tase purified by adsorption. It was decided to 
attempt to purify a preparation of liver phospha­
tase by adsorption with antisera raised against 
non—phosphatase components of a liver extract and 
to use the purified preparation for antibody pro­
duction to the liver enzyme.
Alkaline phosphatase was extracted from 
the liver of a normal dog by the method of auto- 
lysis as described on page 41 . For convenience,
the procedure is outlined here (Figure 5)* All 
material from the extraction procedure was re­
tained. The final supernatant was concentrated 
to 100 ml. by evaporation at 46°G and added to a 
pool of deposits A and B-j. This pooled material 
was subjected to the extraction procedure a second 
time to remove as much as possible of the remaining 
alkaline phosphatase. A portion of A2 was resus— 
pended in an approximately equal volume of saline, 
precipitate B2 was resuspended in 3 nil. saline, 
and supernatant C2 was concentrated to 100 ml. 
Alkaline phosphatase activities of all three prep­
arations were found to be low, the greatest activ­
ity being that of B2 , 0.0%  moles pNP/minute/ml.
A2 , B2 and C2 were used for the production 
of antisera in rabbits to dog liver antigens other
-77-
FIGURE 3
Extraction of alkaline phosphatase
from liver
Homogenisation with ethyl acetate, 
toluene and ethanol. Autolysis 72 hours
Centrifugation
18,000 r.p.m.
pH 5.0
-10 C 2 hours. 
Cen tr if ugat ion
10,000 r.p.m.
Alkaline
phosphatase
precipitate
Addition of
equal volume
og ethanol at
4 C* Centrifugation
10,000 r.p.m.
Supernatant
C
Deposit
A
A r ~ ~Precipitate
B
than alkaline phosphatase, two rabbits being used 
for each preparation. A total of 0.6 ml. of sus­
pension was injected in Freund complete adjuvant, 
intradermally at six sites in the back. The animals 
were bled after four weeks, and antibody activity 
was examined by gel diffusion.
Antisera to preparation B2 each gave two 
strong lines of precipitation with homologous 
antigen, and with an extract of liver alkaline 
phosphatase. Antisera to A2 and C2 all gave a 
single precipitation line with liver alkaline phos­
phatase. The precipitation line with anti C2 sera 
showed identity with one of the lines formed by 
anti B2. Hone of the lines of precipitate showed 
alkaline phosphatase activity.
One of the antisera to and one to B2 
were used to adsorb an extract of liver alkaline 
phosphatase. 2 ml. antisera pooled 1 :1 was added 
to 2 ml. enzyme extract and the solution was held 
at 4°C for 48 hours. The most suitable conditions 
for adsorption had been found by previous titration. 
The precipitate was removed by centrifugation at
6,000 r.p.m. for 30 minutes and the supernatant was 
tested by gel diffusion against antisera to A2 ,
B2 and O2 . Ho precipitation occurred indicating 
that adsorption was complete.
0.6 ml. supernatant in Freund complete 
adjuvant was injected intradermally into a rabbit 
at four sites in the back. The animal was bled
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after four weeks and at weekly intervals for 
three weeks.
■ A single line of precipitation was formed 
in gel diffusion plates between this antiserum and 
an extract of liver alkaline phosphatase. The 
precipitate showed ho evidence of enzyme activity 
indicating that the serum contained no antibodies 
to alkaline phosphatase. The absence of antienzyme 
antibody was confirmed in tube precipitation tests.
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Characterisation of tissue alkaline 
phosphatases by electrophoretic and 
immunological techniques
-81 -
Characterisation of tissue alkaline 
phosphatases by electrophoretic and 
immunological techniques
Experimental design
Electrophoresis of dog tissue extracts was employed 
in order to determine whether the electrophoretic mobilities 
of the various tissue enzymes were sufficiently characteristic 
for the method to be used for examination of the source of 
origin of serum and urinary alkaline phosphatases.
Three different support media were assessed for 
suitability for the electrophoretic separation of dog tissue 
alkaline phosphatases. The three media examined were 
cellulose acetate strips, slides of agar ge3. and vertical 
columns of polyacrylamide. The latter support medium was 
selected as separation of the isoenzymes was effected in a 
comparatively short time (approximately 35 minutes) with 
minimal diffusion.
Gel diffusion and tube precipitation techniques 
were used to test the available antisera to kidney and 
intestinal phosphatases against extracts of alkaline phos­
phatase from other tissues. This was done to determine 
whether such antisera were tissue specific and could there­
fore be used to identify phosphatases of intestine and kidney 
origin in dog sera and urine.
Electrophoresis of tissue extracts of alkaline phosphatase 
Selection of buffer constituents. The inhibitory effect of
-82-
glycine on alkaline phosphatase extracts of human tissues 
was reported by Smith et al. (1968). These workers selected 
a Tris—borate buffer for the separation of alkaline phos­
phatases by electrophoresis on polyacrylamide gel.
It was necessary to determine whether borate 
rather than glycine buffer was also more suitable for electro­
phoresis of dog alkaline phosphatases. A preliminary study 
was carried out therefore to compare the effect of various 
borate and glycine buffers on the activities of tissue 
extracts of alkaline phosphatase and of a sample of serum 
from a dog treated with dieldrin (male, 1 year treatment).
The following buffers were prepared:—
NaHCO^ 0.05M to pH 9.5 with 0.2M NaCO^
Boric acid 0.1M to pH 9.5 with 1M NaOH 
Boric acid 0.05M to pH 9.5 with 1M NaOH 
Glycine1 0.1M to pH 9.5 with 1M NaOH 
Glycine 0.05M to pH 9.5 with 1M NaOH
Tris 0.025M with boric acid 0.025M to 
pH 9.5 with 1M NaOH
Tris 0.025M with glycine 0.025M to pH 
9.5 with 1M NaOH
Tris 0.05M to pH 9.5 with 0.2M boric acid
Tris 0.05M to pH 9.5 with 0.2M glycine
Extracts of alkaline phosphatase from dog bone,
kidney, liver and intestine were diluted in saline so that
their activities were approximately equal to that of the
serum sample. 0.2 ml. of serum or diluted tissue extract
were added to reaction mixtures of the following composition:—
0.2 ml. 0.1M pNPP in distilled water
1Sigma (London) Chemical Co. Ltd.,
. / - ■ -83-
0.2 ml. 0.005M MgC12 
0.4 nil. test buffer 
After incubation at 37°C the reaction was stopped with 5ml. 
ml. 1M NaOH. The optical density readings at 40Qmi obtained 
with the various buffers were compared with those obtained 
with the standard NaHCO^ buffer.
Per cent, activity = optical density with test
buffer x 100
optical density with standard 
Results are shown in Table 7 and are expressed diagrammati— 
eally in Figure 4®
It can be seen from the results that the percent­
age activities of the alkaline phosphatase preparations were 
lower in all buffers containing glycine than in any of those 
containing boric acid. The activities of the preparations 
of kidney and liver alkaline phosphatase were inhibited to 
the greatest extent by the presence of glycine, the enzyme 
activity of serum being the least affected.
The activities of the tissue extracts and serum 
were lower in the presence of all four concentrations of 
boric acid than in the standard buffer. As with glycine 
buffers, the enzyme activity of serum was the least affected. 
The greatest inhibitory effect was obtained for the intes­
tinal phosphatase, but with none of the borate buffers did 
this inhibition exceed 30 per cent.
The activities of all preparations were greatest 
in the presence of standard NaHCO^ buffer. However, the 
high conductivity of such a buffer was known to make it 
■unsuitable for use in electrophoresis. A buffer containing
-84-
TABLE 7
Alkaline phosphatase activities of tissue 
extracts and sera in different Buffers
Enzyme preparation
■ Liver Bone Kidney Intestine Serum
NaHCO.7j 1.60 1.02 2.40 1.85 1 .27
(100) (100) (100) (100) (100)
Boric acid 1.48 0.94 2.20 1.60 1.26
0.1 M (92.5) (92.2) (91.7) (81.2) (99.1)
Boric acid 1.40 0.92 2.02 1.62 1.13
0.05 M (87.5) (90.2) (84.0) (87.4) (88.8)
Glycine 0.1 M 0.80 0.58 1.15 1.15 0.87
(50.0) (56.9) (47.9) (61.1) (68.5)
Glycine 0.05 M 0.78
(48.8)
0.52
(51.0)
1.06 
(44.2)
1.00
(54,0)
0.82
(64.5)
Tris with boric"1.37 0.84 1.98 1.40 1.10
acid 0.025 M (85.8) (82.2) (82.5) (75.6) (86.4)
Tris with Gly­ 0.90 0.60 1 .21 1.07 0.93
cine 0.025 M (56.2) (58.8) (50.4) (57.9) (73.2)
Tris with boric 1 .50 0.83 1.72 1.33 1.02
acid 0.0024 M (81.2) (81.4) (71.8) (71.9) (80.2)
Tris with Gly­ 0.90 0.59 1.19 1.04 0.88
cine 0.0054 M (56.2) (57.8) (49.5) (56.1) (69.3)
Entries in the table indicate optical density at 
400m|i, after incubation of 0.1 ml. enzyme preparation with 
substrate, figures in brackets indicate percentage activi 
ties with reference to NaKCO^ standard.
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borate rather than glycine was chosen for the electrophoretic 
separation of dog alkaline phosphatases# The buffer used 
was that described by Smith et al. (1968). Staining of the 
gels for enzyme location after electrophoresis was carried 
out in NaHCO^ buffer to minimise the effect of boric acid. 
Electrophoretic analysis of tissue extracts. Extracts of 
alkaline phosphatase prepared as described on page 39 from 
bone, kidney, liver and intestine, were subjected to electro­
phoresis on polyacrylamide gel. A single band of enzyme 
activity was obtained for each preparation as shown in Plate 
4 and Figure 5* The relative mobilities of the isoenzyme 
bands were calculated with reference to the band obtained 
with normal dog serum.
Alkaline phosphatase obtained from liver migrated 
the greatest distance into the gel, the band of activity 
coinciding with that of normal dog serum (R.M. = 1.0). The 
slowest moving enzyme was that of intestine (R.M. = 0.32).
The bone and kidney isoenzymes were not well separated by 
this method, the bone enzyme (R.M. = 0.67), moving only 
slightly further than that of the kidney (R.M. = 0.59). The 
mobilities of intestinal and liver phosphatases were 
sufficiently different for these enzymes to be distinguished 
from each other by this method. Bone and kidney alkaline 
phosphatases could be distinguished from liver and intestinal 
enzymes but not from each other. Electrophoretic analysis 
on polyacrylamide was therefore a suitable method for identi­
fying liver and intestinal phosphatases in dog sera and urine 
but could not be used to differentiate between alkaline 
phosphatases from bone or kidney.
Electrophoresis of liver alkaline phosphatase
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PLATE 4
Electrophoretic analysis of tissue alkaline 
phosphatases on polyacrylamide gel
origin
position of 
normal serum 
phosphatase band
From the left, gels contain phosphatases from intestine, 
liver, kidney and bone respectively.
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FIG-URE 5
Diagram of electrophoretic pattern of 
tissue phosphatases
origin
position of 
normal serum
phosphatase
band*
liver bone kidney intestine
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extracted by -two different methods.; It was 
thought possible that the extraction procedure 
used to prepare tissue alkaline phosphatases might 
influence the electrophoretic mobilities of the 
enzymes on polyacrylamide. If this were the case, 
the positions of enzyme bands’after electrophoresis 
could not be taken as characteristic of any partic­
ular tissue. The effect of extraction on electro­
phoretic mobility was investigated by comparing 
the mobilities of liver alkaline phosphatase pre­
pared by two different methods. A preparation of 
liver phosphatase obtained by the'method of 
autolysis was compared by electrophoresis with a 
butanol extract of the enzyme of similar activity. 
Results are shown in Plate 5* There was no 
detectable difference in the positions of the 
enzyme bands of the two samples, indicating that 
the electrophoretic mobility of liver phosphatase 
. is unaffected by the method of extraction.
Antigenic relationships between tissue alkaline phosphatases 
as assessed by gel diffusion and tube •precipitation tests
The available antisera with proven activity against 
alkaline phosphatase were those raised against kidney and 
intestinal enzyme extracts. These antisera were used in gel 
diffusion and tube precipitation tests to detect cross 
reactions between tissue extracts of alkaline phosphatase. 
Antiserum to intestinal uhosrhatase. Antiserum 570 was used 
in all experiments. In gel diffusion tests, antiserum was 
placed in the central well and surrounded by wells containing
-90-
PLATE 5
Electrophoretic analysis of liver phosphatase 
prepared by autolysis and by butanol extraction
origin
position of 
normal serum
phosphatase band
Left - liver phosphatase prepared by autolysis 
Right - butanol extract.
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antigen. Concentrated alkaline phosphatase extracts from 
bone, kidney, liver and intestine were used as antigens,.
The wells were so arranged that homologous antigen alternated 
with test preparations. The conditions of incubation, 
clearing and staining of the plates for protein or alkaline 
phosphatase are detailed on page 52.
As shown in Plates 6 and 7, precipitation lines 
were formed in gel diffusion plates between the antiintes— 
tinal antiserum and bone, kidney and liver preparations.
These lines showed no identity with the precipitates formed 
with the homologous antigen, nor did they show any phosphatase 
activity when stained with jt-naphthyl phosphatase and Past 
Blue BB. These results indicate that there was no cross 
reactivity between the alkaline phosphatase in the tissue 
preparations examined and the intestinal enzyme.
Tube precipitation tests were used to confirm 
the absence of cross reactions. The technique was as detailed 
on page 52 . 5 jil volumes of anti intestinal phosphatase 
serum were used with dilute preparations of kidney, liver 
and bone alkaline phosphatase. Results are shown in Table 
80
Antiserum to intestinal phosphatase had no effect 
on phosphatases of kidney, liver and.bone, although the 
intestinal enzyme was precipitated fully under these 
conditions.
A further study was carried out to determine 
whether the . antiintestinal serum was capable of selectively 
precipitating its homologous antigen from a mixture of 
phosphatases. 5 }'-l volumes of antiserum 570 were used in 
tube precipitation tests with preparations of intestinal or
PLATE 6
Gel diffusion reaction between antiserum to 
intestinal alkaline phosphatase extract and 
phosphatase preparations from other tissues
©
©
Plate stained with nigrosin,
1. Antiserum 570
4, 6, Intestinal phosphatase
extract
5. Kidney phosphatase extrac 
5. Bone phosphatase extract 
7. Liver phosphatase extract
-93-
p l a t e 7
Gel diffusion reaction between antiserum to 
intestinal alkaline phosphatase extract and 
phosphatase preparations from other tissues
Plate stained with p-naphthyl 
phosphate and Fast Blue BB.
© s-\ 1 . Antiserum 570vi/ 4, 6. Intestinal phosphatase
extract
3. Kidney phosphatase extract 
5. Bone phosphatase extract 
© ©  T.ivor nhosnhatas
©
©
7. Live p p e extract
TABLE 8
Effect of antiserum to intestinal phosphatase 
on activities of preparations of phosphatase 
from other tissues
Phosphatase
preparation
Normal
serum
Antiserum
Intestine >2.0 0.00
Liver^ 0.59 0.59
0.94 0.96
Bone 0.48 0.50
Kidney 0.15 0.13
Entries in the table indicate optical density
at 400 after incubation of 0.1 ml, supernatant with
substrate. Serum blanks have been subtracted.
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liver alkaline phosphatase alone or with a mixture of the 
two enzymes. As shown in Table 9, intestinal alkaline 
phosphatase was removed selectively from the mixture of 
phosphatases. Liver alkaline phosphatase activity was not 
affected by antiserum.
Antiserum to kidney -phosphatase. The reactions in gel 
diffusion plates between antikidney phosphatase antiserum 
(591) and other phosphatase preparations are shown in Plate
8. Precipitation lines were formed with all preparations 
tested except the liver enzyme.. The line formed with the 
bone preparation showed partial identity with that formed 
with the homologous enzyme. The results of staining for 
phosphatase activity, are difficult to interpret since the 
purple staining of the fine lines of enzyme-antibody precipi­
tate is barely distinguishable from the brown stain denoting 
protein. The staining of the precipitate line formed with 
the bone preparation may possibly be interpreted as showing 
phosphatase activity, thus indicating some cross reaction 
between bone and kidney enzymes.
The tube precipitation method was used to detect 
cross reactions between kidney enzyme and other phosphatase 
preparations. Antikidney antiserum (591) was used in an
i .
assay similar to that described on page 91 for antiintestinal 
phosphatase antiserum. As shown in Table 10, the addition 
of antikidney antiserum had no effect on the enzyme activity 
of any of the other preparations examined.
-96-
TABLE 9
Effect of antiserum to intestinal phosphatase 
on activities of liver and intestinal phosphatases 
and of a mixture of these preparations
Phosphatase Normal Antiserum
preparation serum
Liver 0.25 0.27
Intestine 0.00 0.69
Liver and 0.31 0.84-
intestine
Entries in the table indicate optical densitjr at
4-OOmpo after incubation of 0.1 ml. supernatant with sub­
strate o Serum blanks have been subtracted.
PLATE 8
Gel diffusion reaction between antiserum to
kidney alkaline phosphatase extract and 
phosphatase preparations from other tissues
©
© ©
©
© ©
©
Plate stained with i-naphthyl 
phosphate, and Past Blue BB.
1C Antiserum 591 
2f 4, 6. Kidney phosphatase 
extract
3. Bone phosphatase extract 
5. Liver phosphatase extract 
7. Intestinal phosphatase 
extract
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TABLE 10
Effect-of antiserum to kidriny phosphatase on 
activities of phosphate fin preparations 
from other t.innues
Phosphatase Normal Antiserum
preparation serum
Intestine 0.32 0.32
Bone 0.19 0.18
Liver 0.43 0.43
Entries in the table indicate optical density at
400raji. after incubation of 0.1 ml. supernatant with sub­
strate 0‘* Serum blanks havo been*subtracted*
Identification of alkaline phosphatases 
in the sera of normal and dieldrin treated
dogs
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Identification of alkaline phosphatases 
in the sera of normal and dieldrin treated
do£S
Experimental design
The alkaline phosphatases of normal dog sera and 
sera from dogs treated with dieldrin were compared wiJth those 
of the available tissue extracts to determine the tissue of 
origin of the serum enzyme, Sera from four normal dogs and 
from dieldrin treated animals were examined by electrophoresi 
and by precipitation techniques with antiphosphatase anti­
sera, The dieldrin treated dogs are listed in Table 11 , 
Electrophoretic analysis of serum alkaline phosphatase
Samples of serum from normal and dieldrin treated 
dogs were separated by electrophoresis on polyacrylamide 
gel. The normal dog sera to be examined were used undiluted 
as alkaline phosphatase activity in these samples was gener­
ally low, The dieldrin sera used in a 2:1 mixture with 
normal dog serum; the alkaline phosphatase band of normal 
serum served as a reference marker. The condituons for the 
tissue preparations were as decribed on page46 , After
electrophoresis, the gel columns were stained for alkaline 
phosphatase activity and the positions of the enzyme bands 
were compared with those shown by the tissue extracts,
Plate 9 shows a typical result from an electro­
phoretic run. The alkaline phosphatase from liver,and 
intestine appear as single bands, the faintly staining zone 
on the gel containing intestinal extract being due to the 
activity of the standard normal dog serum included as a ref-
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PLATE 9
Electrophoretic analysis of dog sera and extracts 
of intestine and liver
origin
position of 
normal serum 
pnosphatase 
band"
hromthymol 
blue - albumin
From the left, gels contain liver phosphatase, normal dog 
serum, dieldrin treated dog serum and intestinal phosphatase.
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erence in each sample loaded. The test sera from the normal 
and treated dogs both show a single band of activity although 
the staining produced by the dieldrin serum is more intense.
In both cases the alkaline phosphatase activity coincides 
with the band produced by the liver preparation.
With the exception of two animals, all the sera 
tested gave a similar enzyme pattern on electrophoresis 
indicating that the major phosphatase component was similar 
in mobility to the liver enzyme. Two animals (Sandjr and 
Boaster), both dieldrin-treated, gave a second serum phos­
phatase band on electrophoresis in addition to that coinciding 
with the liver activity. For both animals the faintly stain­
ing second band appeared in a similar position to that 
produced by the intestinal enzyme.
The results of electrophoresis indicate that the 
liver is the major source of serum alkaline phosphatase in 
both normal and treated dogs, but that some animals may carry 
a second serum phosphatase, similar to the intestinal enzyme. 
Identification of serum phosphatase in gel diffusion tests 
Undiluted sera from normal and treated dogs were 
allowed to react in gel diffusion plates with antisera to 
Intestinal and kidney phosphatases. The plates were then
i
stained for protein or for alkaline phosphatase activity.
With antiintestinal antiserum (570), a single 
line of precipitate was formed near the antiserum well, 
with all the dog sera tested. On staining with nigrosin, 
this precipitate clearly showed no similarity to the faint 
lines marking precipitation of the antiserum and its homolo­
gous intestinal enzyme nor did it shorn evidence of alkaline
-104-
phosphatase activity after appropriate staining.
In the case of one of the dog sera (Sandy), how­
ever, a zone of enzyme activity appeared on staining, which - 
closely resembled the band produced with the intestinal 
enzyme as shown in Plate 10. No precipitation could be 
detected in this position on unstained plates or on plates 
stained with nigrosin. The serum band of enzyme activity 
was much fainter than that of the intestinal extract but 
may be interpreted as showing identity. None of the other 
dog sera tested gave a similar reaction, although staining 
of unwashed plates showed diffuse enzyme activity round all 
antigen wells. The results indicate that the serum of the 
dieldrin-treated dog, Sandy, contained some alkaline phos­
phatase which was precipitated by the antiintestinal anti­
serum and was therefore retained in the gel.
With antiserum to kidney phosphatase (591)» a very 
faint, diffuse precipitation was formed round the antiserum 
well with all the dog sera examined. This precipitate showed 
no evidence of alkaline phosphatase activity, even after 
prolonged incubation of the plates with substrate and Fast 
Blue BB.
Identification of serum alkaline phosphatases by the tube 
precipitation technique
The method of enzjane precipitation in tubes was 
used to detect reactions between the available antiphospha­
tase antisera and dog serum phosphatases. 200p.i0 volumes of 
dog sera were allowed to react with sufficient antikidney 
or antiintestinal enzyme antiserum (5:'-l.) to precipitate
-105-
PLATE 10
G-el diffusion reaction between antiserum to
Plate stained with ft -naphthyl 
phosphate and Fast Blue BB.
1. Antiserum 570
2. 5* Intestinal phosphatase 
extract
3. Dieldrin dog (Scampi) 
serum
4. Normal dog serum
(j© 6. Dieldrin dog (Vodka)
serum
7. Dieldrin dog (Sandy) 
serum
©
© ©
©
© ©
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fully preparations of the homologous enzymes of equivalent 
activity. Dog sera with 5;il. normal rabbit serum were 
included as controls. The tubes were incubated at 4°C for 
24 hours before the addition of antiglobulin serum and 
then for a further 24 hours. The alkaline phosphatase activ­
ities of supernatants were assessed as described previously.
The presence of antikidney antiserum had no effect 
on the alkaline phosphatase activities of any of the dog 
sera-examined.
Results obtained with the antiintestinal antiserum 
are shotm in Table 12. The percentage of alkaline phosphatase 
activity which was removed by the antiserum, ranged from 0 
to 42 per cent, of the enzyme activity recorded in the presenc 
of normal rabbit serum. The precipitated serum enzyme was 
assumed to be of intestinal origin, since as described prev­
iously (page 91), no cross reactions were recorded with 
alkaline phosphatases in any of the other tissue extracts 
examined.
Serum enzyme of intestinal origin was present in 
some of the sera of both treated and control dogs. Two 
normal and one dieldrin treated dog had no detectable intes­
tinal enzyme in their sera. In a second treated dog (Vodka) 
the intestinal enzyme was only 5 per cent, of the total serum 
activity, although the latter was considerably higher than 
that found in most normal dogs. In one of the dieldrin 
treated animals (Sandy), the intestinal component of the 
serum activity was 42 per cent, of the total. This same serum 
was the only one to produce a reaction with antiintestinal 
antiserum in gel diffusion plates, suggesting that the latter
TABLE 12
Effect of antiserum to intestinal phosphatase 
on phosphatase activities of dog sera
Source of Normal Antiserum Percentage
serum serum activity
sample removed by
antiserum
Normal dog 0.21 0.21 0
" " 0.28 0.28 0
" 1 0.55 0.47 15
" u 0.25 0.24 4
" " 0.15 0.09 40
Dieldrin dog
Vodka 0.41 0.39 • 5
Sandy 0.69 0.40 42
Bubu 0.45 0.45 . 0
Scampi 0.73 0.72 2
Pandora . 0.68 0.66 3
Boaster 0.56 0.49 13
Entries in the table indicate optical density- 
at 400?T-« after incubation of 0.1 ml. • supernatant with 
substrate and after subtraction of serum blanks.
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technique is suitable only for the detection of relatively 
high concentrations of enzyme*
The antiintestinal serum was also used in tube 
precipitation tests with the enzyme-active fractions of the 
samples of normal and dieldrin serum purified by gel fil­
tration on G-200 Sephadex as described on page 43 * As 
shown in Table 13, both samples contained a percentage of 
enzyme activity which was removed by antiserum to intestinal 
phosphatase*
The results suggest that in a proportion of dogs, 
the alkaline phosphatase activity of serum is partly attrib­
utable to enzyme of intestinal origin. The presence of 
intestinal enzyme appears to bear ho direct relationship to 
treatment of the animals with dieldrin* Immunological 
tests indicate that the major component of dog serum phospha­
tase is neither of kidney nor intestinal origin. This is in 
agreement with the results obtained by electrophoresis in 
which the predominant serum phosphatase band resembled that 
of the liver enzyme preparation* In the absence of available 
antiserum to liver alkaline phosphatase, the liver may not be 
confirmed as the major source of dog serum enzyme.
The effect of feeding on levels of intestinal alkaline phos­
phatase in serum* It lias been reported (Kleerekoper, Horne, 
Cornish and Posen, 1970), that the level of human serum 
alkaline phosphatases rises after fat ingestion. The time 
of collection of serum samples may possibly have some relation 
to the level of intestinal enzyme detectable in serum. An 
investigation was therefore carried out, to assess the effect 
of feeding on the intestinal phosphatase activity in samples
-109-
TABLE 13
Effect of antiserum to intestinal phosphatase 
on activities of serum phosphatases partially 
purified by gel filtration
Source of Normal Antiserum Percentage
serum serum activity removed
phosphatase by antiserum
Normal 0.52 0.32 39
dog ’
Dieldrin 0.46 0.23 50
treated dog
Entries in the table indicate optical density at
400in;to after incubation of 0.1 ml. supernatant with sub­
strate and after subtraction of serum blanks.
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of dog serum. Serum samples were obtained from two. normal 
and two dieldrin—treated dogs before feeding and four hours 
after a meal. The sera were tested by the tube precipitation 
technique with 'antiintestinal phosphatase serum as described 
previously. • The results, detailed in Table 14, show no­
significant increase either in the overall enzyme activity 
or to the proportion attributable to phosphatase of intes­
tinal origin.
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TABLE 14
Effect of antiserum to intesti 
phosphatase activities of dog; s
and after feedi
phosphatase on 
obtained before
Source of 
serum 
sample
Sample Norma,!
serum
Antiserum Percentage 
activity 
removed by 
antiserum
Sandy 1 0.71 0.59 45
2 0.72 0.5 6 50
Boaster 1 0.56 0.49 15
2 0.56 0.51 10
Normal dog 1 0.28 0.26 7
'12 :> r 0.50 0.28 7 '
Normal dog 1 0.21 0.21 0
2 0.25 0.24 0
Entries indicate optical dei ity at 400 m;.i. after
incubation of 0,1 ml, supernatant with substrate and 
after subtraction of a rum blanks.
Sample 1 was obtained before feeding, and sample 2 
four hours afterwards.
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An investigation into the origin of 
urinary alkaline phosphatase
Experimental, design
The origin of alkaline phosphatase in dog urine 
was investigated by the same techniques as those used for 
the identification of the serum enzyme. The urine prepar­
ations examined were as described on page 44*
Alkaline phosphatase levels in dog urine
The enzyme activity from both normal and dieldrin 
treated dogs was found to be low despite reports that urinary 
alkaline phosphatase activity of treated animals may be up 
to ten times that of controls (El—Aaser et al., 1972). The 
activities of normal and dieldrin dog urine were respectively 
0.075 and 0.096ji moles pNP/minute/100 ml. unconcentrated 
urine.
Electrophoresis of urinary alkaline phosphatase
Electrophoresis of urine samples was carried out on 
polyacrylamide gel, 20 [il, volumes of sample being used for 
each gel column. Normal dog serum was not included in urine 
preparations on loading, since the gels required prolonged 
incubation for the staining of the faint urinary phosphatase 
band; the presence of serum phosphatase in the same gel 
resulted in diffuse staining over a considerable area of the 
gel under these conditions..
Electrophoresis of concentrated urine samples, 
followed by incubation with p-naphthyl phosphate and East 
Blue BB, revealed a very faint band of enzyme activity. The 
position of this band was just ahead of the zones of enzyme
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activity shorn by kidney and bone alkaline phosphatases on 
the same run, but behind that of the liver enzyme, as 
illustrated in Figure 6.
An extract of bladder alkaline phosphatase was 
prepared as described on page 41» in order to compare the 
bladder enzyme with those of urine and kidney. The results 
of electrophoresis of kidney, bladder and urine alkaline 
phosphatases are illustrated in Plate 11. The bladder enzyme 
preparation produced two zones of enzyme activity on staining. 
The slower of the two bands coincided with the band of the 
kidney enzyme, while the position of the faster band resembled 
that of the urinary alkaline phosphatase, suggesting that the 
urinary enzyme might be of bladder origin.
Reaction of bladder and urinary enzymes with antiserum to 
kidney phosphatase in gel diffusion plates
Concentrated samples of urine and undiluted extracts 
of kidney and bladder alkaline phosphatase were allowed to 
react in gel diffusion’plates with antiserum to kidney phos­
phatase. After incubation for 4 days at 4°C, lines of 
precipitation were visible between the antiserum and the 
kidney extract. . One of these lines appeared to be continuous 
with the line of precipitation produced with the bladder 
preparation. A faint precipitation was also formed between 
the anti serum and the well containing urine, but line 
identity of this precipitation was difficult to discern, 
even after staining with nigrosin. On staining for alkaline 
phosphatase^ enzyme activity was detectable in one of the 
lines between the kidney preparation and its antiserum. The 
bladder precipitation line also showed some faint purple
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FIGTJRE 6
Diagram of electrophoretic pattern of 
urinary and tissue phosphatases
U M l
liver hone urine kidney intestine
PLATE 11
Electrophoretic analysis of alkaline phosphatases 
of kidney, bladder and urine
origin
From the left, gels contain kidney phosphatase, bladder 
phosphatase and urine.
staining as shown in Plate 12, which may be interpreted as 
denoting alkaline phosphatase activity. The urine precipi­
tation zone showed no'enzyme activity. This latter result 
was to be expected even if antibody-enzyme precipitation had 
occured, since the level of phosphatase activity in urine 
was low.
Tube precipitation reaction between bladder and urinary 
enzyme and antiserum to kidney phosphatase
The effect of antikidney antiserum (591) on the 
phosphatase activity of bladder and urine was investigated 
by measuring the amount of activity precipitable from 
solution. 200u-u volumes of concentrated urine and of 
appropriate dilutions of bladder and kidney phosphatase were 
allowed to react with 5:il. of antiserum for 2 days at 4°C. 
Precipitation of antiserum globulin was effected by the 
addition of antiglobulin serum.
The alkaline phosphatase activities of the various 
antiserum supernatants are compared in Table 15 with those in 
the presence of normal rabbit serum. The antiserum had no 
effect on the activity of phosphatase in normal urine or that 
from the dieldrin treated animal (Sandy). Approximately half 
the activity of the bladder preparation was precipitable with 
antikidney antiserum. The percentage of activity removed 
from the bladder preparation was the same for both dilutions 
tested showing that only a proportion of the enzyme resembled 
the kidney phosphatase. Results of precipitation tests are 
in good agreement with those of electrophoresis, in which 
bladder extract appeared to contain two alkaline phosphatases 
one of which matched the kidney enzyme in its mobility.
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PLATE 12
Gel diffusion reaction between antiserum to
kidney phosphatase extract and, preparations 
of bladder and urinary phosphatase
Plate stained with ft-naphthyl 
, phosphate and Fast Blue BB„
1• Antiserum 591
2, Kidney phosphatase extract
3. Bladder phosphatase extract 
*4. Concentrated, dialysed urine
© ©
©
©
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TABLE 15
Effect of antiserum to kidney -phosphatase on 
activities of phosphatase preparations from 
bladder and urine
Phosphatase
preparation
Normal
serum
Antiserum Percentage 
activity removed 
by antiserum
Bladder 
(dilution 
1 in 10)
Bladder 
(dilution 
1 in 5)
Urine
(normal
dog)
Urine 
(dieldrin 
treated dog)
0.11
0.23
0.05
0.04
0.06
0.12
0.05
0.04
45
44
0
0
Entries in the table indicate optical density at 
400?iu after incubation of 0.01 ml. supernatant with sub­
strate and after subtraction of serum blanks.
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Urinary alkaline phosphatase showed no resemblance to that 
of the kidney.
Characterisation of intestinal 
alkaline phosphatase
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(
Characterisation of intestinal 
alkaline phosphatase
Experimental design
The origin of the alkaline phosphatase extractable 
from dog intestinal mucosa was examined by comparing this 
enzyme with alkaline phosphatases produced by the predominant 
bacterial flora of the faeces and of the duodenum of a 
normal dog. The bacterial phosphatases were compared with 
the dog intestinal enzyme by electrophoresis and by their 
reactions with antiintestinal phosphatase serum.
An attempt was made to i d e n t i f y  the site of produc­
tion of alkaline phosphatase within the intestinal mucosa by 
an immunofluorescence technique using antiserum to intestinal 
phosphatase.
Isolation and characterisation of bacteria from dog duodenum 
and faeces
Pure cultures of bacteria were obtained from dog 
duodenum and faeces (page 44 ). Two colony types were taken 
from the faeces and three from the intestinal materia,!. The 
organisms were identified on the basis of biochemical and 
morphological criteria. The composition of the media used 
for identification and the conditions of testing are as 
described by Cowan and Steel (1965).
The reactions shown by the five isolates are 
detailed in Appendix 1. The G-ram positive coccus, organism 
E, was identified as a Group D Streptococcus. Organisms A 
and C were identified as Eschericla coli. Cultures B and D 
gave reactions similar to those of A and C except that no 
indole was produced at 44°C. These organisms were tentatively
identified as atypical strains of E. coli.
Preparation of bacterial alkaline phosphatases
The four strains of E. coli, were cultured by 
batch fermentation and the phosphatase extracted as described 
on page 44 • The activities of the alkaline phosphatase 
preparations obtained are shown in Table 16.
The Streptococcus isolated from dog faeces could 
not be cultured in the minimal growth medium used for the 
production of phosphatase from E, coli* A satisfactory 
culture was obtained by the addition of 10 gm. peptone/litre 
of medium* The alkaline phosphatase activity which could be 
extracted from the cell mass, however, was less than one 
thousandth of the enzyme activity of the E. coli* preparations« 
This presumably may be attributed to the release of alkaline 
phosphatase from the streptococcal culture into the medium 
in contrast to the G-ram negative organisms in which the 
enzyme is retained within the cellse
An attempt was made to concentrate the alkaline 
phosphatase present in the Streptococcus culture supernatant. 
The one litre of supernatant from centrifugation was concen­
trated to 25 ml* in an ultrafiltration cell with membrane 
PM 50, but the alkaline phosphatase activity was extremely 
low* It is probable that the culture conditions used did not 
favour the production of alkaline phosphatase by the 
Streptococcus* Alternative culture and extraction procedures 
were,however,not attempted*
Electrophoresis of bacterial alkaline phosphatase preparations
Electrophoresis of E. coli. alkaline phosphatases 
and of a suitable dilution of dog intestinal phosphatase was
Table 16
Enzyme activities of -preparations of alkaline 
•phosphatase from cultures of E. coli.
Organisms Phosphatase activity moles pNP/minute/ml.
Volume of 
Culture used
A
CMLT\• 10 litres
B 0.64 1.4 litres
C 2.67 1.4 litres
D 2.51 1 .4 litres
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carried out on polyacrylamide gel. 20 ni. volumes of sample 
were used for loading, without the addition of normal dog 
serum.
As shorn in Plate 13, all four bacterial enzyme 
preparations produced a single zone of phosphatase activity 
at an identical position in the gels. The electrophoretic- 
mobility of these enzymes differed considerably from the 
slow-moving band displayed by the phosphatase from dog 
intestine. The mobility of the bacterial'enzymes was greater 
than that of the dog enzymes tested, migrating slightly 
faster than dog liver alkaline phosphatase (not illustrated). 
Reaction of bacterial phosphatases with antiserum to dog 
intestinal phosphatase
Undiluted extracts of E. coli alkaline phospha­
tases were tested by the gel diffusion technique against 
antiserum to phosphatase from dog intestine (570). No detect­
able precipitation was formed between the antiserum end the 
bacterial enzyme preparations indicating that the bacterial 
alkaline phosphatases had not been precipitated by anti- 
intestinal phosphatase antiserum, although the latter produced 
a strong reaction with its homologous antigen under the same 
conditions.
In the tube precipitation technique 2 c volumes 
of antiserum to dog intestinal phosphatase were allowed to 
react with a suitable dilution of the bacterial enzyme 
preparations, followed by precipitation with antiglobulin 
serum. The antiserum had no effect on the enzyme activities 
of any of the bacterial alkaline phosphatases as shown .in 
Table 17.
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PLATE 13
Electrophoretic analysis of bacterial alkaline
phosphatases and alkaline phosphatase from
dog intestine
r M
origin
From the left, phosphatases from cultures B and 0, dog 
intestinal phosphatase, phosphatases from cultures D and A.
TABLE 17
Effect of antiserum to intestinal phosphatase 
on the activities of phosphatase preparations
from E. coli
Phosphatase Normal Antiserum
preparation serum
A 0.26 0.25
B' 0.06 0.06
C 0.15 0.15
D 0.08 0.08
Entries in the table indicate optical density
at 400m[u after incubation of 0.1 ml. supernatant with
substrate. Serum blanks have been [Subtracted.
Results of electrophoresis and immunological 
tests indicate that alkaline phosphatases extracted from 
cultures of the predominant bacteria of dog duodenum and 
faeces show no similarity to phosphatase of dog intestinal 
mucosa.
Demonstration of alkaline phosphatase in dog intestinal 
mucosa by the technique of immunofluorescence
Antiserum to dog intestinal phosphatase was used 
for the demonstration of alkaline phosphatase in sections 
of dog intestine. This antiserum (570) had been shown by 
gel diffusion tests (page 60 ) to produce two lines of precipi­
tation with the intestinal phosphatase preparation, both of 
which showed enzyme activity. This suggested that the anti­
serum contained no precipitating antibodies to components 
of the intestinal phosphatase preparation other than alkaline 
phosphatase. As described on page 91, some weak cross 
reactions were detected in gel diffusion tests between anti- 
intestinal phosphatase serum and other tissue preparations, 
although there was no precipitation of enzyme activity. The 
possibility existed therefore that the antiserum contained 
antibodies capable of reacting with antigenic material, other 
than alkaline phosphatase, present in dog intestine.
In order to reduce this possibility, the antiserum 
was pre-adsorbed with powdered extracts of dog tissues other 
than intestine before use in the immunofluorescence technique.
Powdered preparations of normal dog liver and 
muscle were obtained by homogenising the tissues with acetone 
in an M8E blender. The preparations were partially dried 
under vacuum, homogenised again with further volumes of aceton 
and washed several times with acetone in a Buchner funnel©
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The material was ground to a powder with a pestle and mortar 
and finally dried in a dessicator. 1 ml. volumes of anti- 
intestinal phosphatase serum (570) were adsorbed with 100 mg. 
liver or muscle powder for 2 hours at 50°C. The serum was 
clarified by centrifugation for 30 minutes at 4°C. The 
adsorbed serum was still capable of producing a strong 
reaction in gel diffusion plates against its homologous 
antigen, although no precipitate was formed with liver alka­
line phosphatase extract.
The indirect immunofluorescence technique was 
carried out as described on page 5 3. The fluorescence pattern 
produced by unadsorbed antiserum to intestinal phosphatase 
was compared with that of the same serum adsorbed with liver 
or muscle powder. The position of the fluorescence was 
related to the histology of sample sections from the same 
series which had been stained with haemotoxylin and eosin.
The fluorescence obtained with adsorbed and un­
adsorbed sera was identical both in distribution and in 
intensity. No staining was shown by sections in which normal 
rabbit serum had been substituted for antiserum to intestinal 
phosphatase (Plate 14).
The fluorescent pattern produced with the anti­
serum is illustrated in Plate 15. By comparison with the 
section stained with haemotoxylin and eosin (Plate 16), the 
fluorescence is seen to be restricted entirely to the outer 
surface of the epithelial cells. This distribution pattern 
was shown both by sections of duodenum and of jejenum.
The preparations were examined at a higher magni­
fication (objective x40), but no additional information was
PLATS 14
Section of dor< .1 e.1 ennui stained by imrnunofluorescence 
using normal rabbit serum - control
Magnification x 100
Longitudinal section through three villi near their 
tips; the lumen is to the right of the picture* 
Photograph shows the level of background fluorescence 
of a section treated with normal rabbit serum instead 
of antiserum to intestinal phosphatase.
PLATE 15
Section of dog je .1 ermm stained by immunofluorescence 
using antiserum to intestinal phosphatase
Magnification x 100
Photograrih shows longitudinal section through three 
villi near their tips; the lumen is to the right of 
the picture*
Antiserum. 570 to dog intestinal alkaline phosphatase 
adsorbed with dog liver powder.
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PLATE 16
Section of dog je.1 enum stained with 
haematoxyiin and eosin
\
Magnification x 100
Photograph shows a section from the same series as that 
for Plates 14 and 15, stained with haematoxyiin and eosin*
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obtained as to the precise position of fluorescence on the 
outer surface of the villi.
DISCUSSION
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DI SOUS SION
Validity of the experimental methods employed
Two different criteria were used in this study 
for the characterisation of dog alkaline phosphatases, namely 
electrophoretic mobility and immunological properties. The 
importance of using more than one method of investigation 
is well illustrated by this present work in which results 
obtained from the different approaches have proved comple­
mentary to one another. Electrophoretic separation has been 
of value in identifying liver as a probable major source of
serum phosphatase in the absence of any available antiserum
/
for immunological studies on liver enzyme in serum. Electro­
phoresis alone, however, failed to detect the very low con­
centrations of intestinal alkaline phosphatase present in 
some sera, which were revealed by the precipitation technique 
with specific antiserum.
Ele ctrophoresis
A major criticism of electrophoresis as a method of 
characterisation of alkaline phosphatases is that the validity 
of comparing dissimilar materials is questionable (Posen, 
1967). In comparisons of serum alkaline phosphatase with
J
extracts of phosphatase from tissues, dissimilar materials 
are being investigated. The influence of the serum enviroment 
on the mobility of serum alkaline phosphatase might give rise 
to misleading evidence as to the source of the senun enzyme.
The effects of serum on the mobilities of dog 
tissue phosphatases have been studied by other investigators, 
Nagode, Koestner and Steinmeyer (1969b) compared the effect G f
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a serum environment on the electrophoretic mobilities of 
dog liver, bone, kidney and intestinal alkaline phosphatases. 
Mobility of tissue phosphatases was found to be -unaffected • 
by variations in the tissue environment of the enzyme.
In the present study of dog alkaline phosphatases, 
tissue extracts of phosphatase were mixed with normal serum 
before loading onto the polyacrylamide gel columns. The 
alkaline phosphatase band shown by normal serum after electro­
phoresis was used as a marker. Serum was chosen for this 
purpose as a means of partially equalising conditions between 
tissue extracts and sera.
Another possible source of error in using electro­
phoresis for comparison of alkaline phosphatases is that the 
method of extraction of enzyme from tissue might influence 
electrophoretic mobility. This was not found to be the case 
with dog liver alkaline phosphatase; samples prepared by 
butanol extraction and by autolysis respectively, gave bands 
of activity in identical positions in the gel. These results 
' are in accordance with those of Nagode et al. (1969b) who 
examined tissue extracts of dog alkaline phosphatase at 
various stages of purification: electrophoretic mobilities
of tissue phosphatases were found to be characteristic regard-
i
less of the stage of purification.
Immunological tests
Both of the immunological techniques used for charac 
terisation of alkaline phosphatases relied upon precipitation 
of enzyme by specific antibody. In gel diffusion, immuno- 
precipitates were examined for phosphatase activity, while in 
precipitation tests, removal of enzyme activity from super­
natants was assayed.
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An advantage of gel diffusion over the tube 
precipitation technique is that the presence of more than one 
system of enzyme - antibody interaction may be revealed. This 
was found to be the case with intestinal alkaline phosphatase 
and its antiserum. In gel diffusion plates two lines of 
precipitation were formed, both of which showed phosphatase 
activity. The presence of two enzyme - antibody systems was 
not revealed by results of tube precipitation tests.
A major disadvantage of the gel diffusion technique 
is that the method appears unsuitable for detecting reactions 
between antibody and very low concentrations of enzyme. This 
point is well illustrated by the fact that only one of the 
dog sera examined in gel diffusion p3.ates appeared to react 
with antibody to intestinal alkaline phosphatase, although 
tube precipitation tests revealed that several dog sera 
contained intestinal enzyme®
Another difficulty in the application of gel diffu­
sion tests to the study of alkaline phosphatases is that 
results of staining plates for enzyme activity may be diffi­
cult to interpret. This is particularly true when phosphatase 
activity of precipitated enzyme is weak as was the case with 
bladder enzyme precipitated by antiserum to kidney phosphatase. 
Similarly, results of gel diffusion tests with dog bone and 
intestinal extracts and antiserum to kidney phosphatase were 
somewhat confusing, the purple stain denoting phosphatase 
activity being difficult to distinguish from staining of non­
enzyme protein. Attempts to clarify the results by staining 
some plates for protein rather than enzyme activity, were 
generally of little help, as lines of enzyme - antibody
precipitate tended to stain very weakly. Komgold (1970) 
observed that reactions in immunodiffusion tests between human 
alkaline phosphatases and antibody seldom appeared as visible 
zones of precipitate in unstained plates.
The tube precipitation technique provided a sensi­
tive means of detecting reactions between antibody and small 
quantities of enzyme. This was of particular value in demon­
strating the very low concentrations of intestinal alkaline 
phosphatase found in some dog sera. The method was such that 
judgment of the results excluded extraneous reactions from 
interpretation. Reaction between antibody and enzyme was 
judged by measuring loss of activity in supernatants.
Reactions between non - enzyme protein and antibody were 
therefore not detected.
Properties of tissue alkaline 
phosphatase s
Electrophoretic properties
Extracts of dog liver, kidney, bone and intestinal 
alkaline phosphatase each gave a single band of enzyme activit 
after electrophoretic separation on polyacrylamide gel. The 
order of mobility of the dog tissue phosphatases was as
I
reported by Nagode £t al. (1969a), liver being the fastest 
moving enzyme and intestine the slowest. The relative mobil-- 
ities of the enzymes differed from those reported previously, 
in that the kidney enzyme band was well separated from that 
of intestine but not bone. Nagode et al. (1969a) reported 
overlapping between intestinal and kidney bands. These slight 
differences are probably attributable to different experimenta
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conditions used for -electrophoretic separation. It is also 
possible that different extraction methods of the enzymes 
from tissues might account-for the variation in results. 
Identical electrophoretic patterns have been described for 
dog liver phosphatase extracted by two different techniques 
(pages 89 , 136) but the effect of extraction method on 
alkaline phosphatases from other tissues has yet to be inves­
tigated.
Antigenicity
Pour tissue extracts of dog alkaline phosphatase 
were used for raising antisera in rabbits. Antiphosphatase 
antibody was produced only in response to kidney and intes­
tinal enzymes. Antiserum to intestinal phosphatase was found 
to be capable of precipitating its homologous enzyme from 
solution. Only a small percentage of kidney alkaline phospha­
tase activity could be precipitated by its homologous anti - 
serum without the addition of antiglobulin serum, although 
a fine line of precipitation of enzyme occurred in gel 
diffusion plates. It is possible that the difference in 
the ability of antisera to intestinal and kidney phosphatase 
to precipitate their homologous enzymes from solution reflects 
some difference in immunogenic properties of the enzymes. It 
might be of interest to determine whether there is any 
difference in the class of antiphosphatase antibody produced, 
though this was considered beyond the scope of the present 
work.
Antibody to bone alkaline phosphatase was not 
produced in response to injection of bone extract. The 
alkaline phosphatase activity of the bone extract used for 
immunisation was considerably 3 ower than that of either
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kidney or intestinal enzyme preparations. It is therefore 
possible that insufficient enzyme was used. The bone 
alkaline phosphatase extract was prepared by aqeous extraction 
of normal dog femurs and humeri and yield of bone enzyme 
was low. As supplies of this animal material was necessarily 
limited, it was not possible to prepare bone extracts of high 
activity.
The production of rabbit antibody to human bone 
alkaline phosphatase has been reported (Schlamowitz and 
Bodansky, 1959; Boyer, 1963; Korngold, 1970). These investi­
gators were able to prepare extracts of high enzyme activity 
by using tissue from osteogenic sarcomata. Alkaline phospha­
tase activity in this material is higher than in normal bone 
(Jeffree and Price, 1965) and as the tissue could be homo­
genised, extraction of enzyme was consequently more efficient 
than in the present study. The use of osteogenic sarcomatous 
bone relied upon the assumption that there was no significant 
immunological difference between phosphatases of normal and 
neoplastic bone..
A number of attempts were made to raise antisera 
to dog liver alkaline phosphatase but no antienzyme anti- . 
body was produced. The production of antisera in rabbits to 
human liver alkaline phosphatase has, however been reported 
by other investigators (Boyer, 1963; Korngold, 1970) who used 
butanol extracts of the enzyme for immunisation. However, in 
the present study dog liver phosphatase prepared by butanol 
extraction, was not found to be any more antigenic in rabbits 
than enzyme prepared by autolysis of liver tissue.
Boyer (1963) was able to raise rabbit antisera to 
human liver phosphatase using a crude preparation of the
- 1 4 1 -
enzyme. Sussman et al. (1968) used for antibody production 
an extract of liver phosphatase which had been purified by 
gel filtration and electrophoresis. In the present study 
extracts of dog liver phosphatase were partially purified 
by gel filtration or by adsorption with antisera to non- 
enzyme proteins. Injection of purified phosphatase did 
not initiate production of antienzyme antibody.
It would therefore appear that dog liver alkaline 
phosphatase is not antigenic in rabbits. It differs from 
intestinal and phosphatases in this respect, since rabbit 
antienzjme antibody was obtained from a single course of 
injections of crude extracts of these enzymes. It would 
also appear that dog liver alkaline phosphatase differs from 
the human liver enzyme in that the latter is more readily 
antigenic in rabbits.
A possible reason for the failure to raise antibody 
to dog liver phosphatase may be that dog and rabbit enzymes 
are very similar. The'function of the alkaline phosphatases 
is not known, but the enzymes are grouped together on the 
basis of their catalytic properties. It is thought that the 
catalytic site of functionally similar enzymes is identical 
in different animal species (Cinader, 1967). Interspecies 
variations are found in the non - catalytic part of the 
molecule, and these differences must be sufficiently great 
for the enzyme to be antigenic. The present data would 
suggest that the difference between dog liver alkaline 
phosphatase and some cornponant of rabbit tissue, possibly 
also an alkaline phosphatase, are not sufficiently great for 
the dog enzyme to provoke an antibody response in rabbits.
An attempt was made to raise antiserum in rats to
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dog liver alkaline phosphatase but this was also unsuccessful. 
Sussman et al. (1968) used sheep for antiserum production to 
liver phosphatase from human tissue. It would be of interest 
at some later date to examine a wider range of animals to 
find a species capable of responding to alkaline phosphatase 
from the dog by antibody production.
Antigenic relationships between tissue phosphatases
Antibody to dog intestinal phosphatase was found 
to be specific for the intestinal enzyme. The antiserum 
resembled that described by Schlamowitz (1954b), in that it 
did not react with phosphatases of dog liver or kidney, nor 
did it react with bone enzyme. Antiserum to dog kidney 
alkaline phosphatase was similarly specific for its homologous 
enzyme.
Results obtained by other investigators from 
immunological studies of human alkaline phosphatases have 
been discussed previously (page.25). It has been reported 
(Schlamowitz and Bodansky, 1959; Posen et al., 1967), that 
antiserum to human'intestinal alkaline phosphatase has very 
little affinity for phosphatases from other tissues. Other 
workers (Boyer, 1963; Korngold, 1970) have found considerable 
cross reactions between antiintestinal phosphatase serum and 
other tissue phosphatases. These latter investigators also 
described antisera to human kidney alkaline, phosphatase, with 
little tissue specificity.
It would appear from the present work that in the 
dog, kidney and intestinal enzymes are antigenically distinct 
from each other and from liver and bone alkaline phosphatases. 
It was not possible to determine the relationship between live
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and bone phosphatases as no antiserum was available which 
would react with these enzymes.
Origins of alkaline phosphatases
Serum phosphatase
The major alkaline phosphatase component of normal 
dog serum appears to be of liver origin. This observation 
is based on results of electrophoretic analysis of dog sera 
and on the fact that the majority of serum phosphatase 
activity is not precipitated by antisera to intestinal and 
kidney enzymes. In the absence of antisera to liver and 
bone alkaline phosphatase, liver cannot of course be confirmed 
immunologically as the major source of serum enzyme.
El-Aaser et al. (1972) also observed that liver 
appeared to be the main source of serum alkaline phosphatase 
in normal dogs. This conclusion was drawn from comparisons 
between serum and tissue phosphatases in their susceptibility 
to denaturation and inhibitors. These investigators also 
used cellulose acetate electrophoresis for analysis of dog 
sera and found the major serum phosphatase band resembled 
that of the liver enzyme.
For many years the major phosphatase activity of 
normal human serum was thought to be of osseous origin 
(Gutman, 1959)* Immunological evidence has been provided to 
support this assumption (Schlamowitz and Bodansky, 1959)* 
Numerous investigationshave since suggested a different 
origin for the serum enzyme. Results obtained by investigator, 
using different techniques are difficult to correlate but the 
main contribution to normal serum phosphatase activity now
appears to be from liver (Hodson et al. , 1962; Haije and De 
Jong, 1963; Yong, 1967; Smith et al., 1968). In normal 
adult sera the bone enzyme is not often present and then only 
in low concentration (Hodson et al., 1962; Yong, 1967), but ; 
in children serum alkaline phosphatase is of predominantly 
skeletal origin (Posen, Neale and Clubb, 1965). These ob­
servations are in good agreement with the present results 
obtained from electrophoretic analysis of adult dog sera: 
no alkaline phosphatase with mobility resembling the bone 
enzyme, was observed in any of the sera examined.
Alkaline phosphatase resembling the intestinal 
enz5nne was shown to be present in some dog sera by tube 
precipitation tests with antiserum to intestinal phosphatase. 
In the sera of two dogs, the presence of intestinal enzyme was 
also shown by electrophoretic analysis. The level of intes­
tinal. phosphatase in dog serum appeared to have no relation­
ship to dieldrin treatment or to age or sex of the animals' 
studied.
Intestinal alkaline phosphatase has been demon­
strated in human serum by electrophoresis, inhibition studies 
and by precipitation with antiintestinal serum (Posen et al. , 
1967). The intestinal enzyme is, however not present in' all 
human sera. Arfors, Beckman and Lundin (1963) showed that 
variations in serum phosphatase of intestinal origin were 
under genetic control. This observation was confirmed in 
other investigations, some of which are summarised by 
Robinson and G-oldsmith (1967) and Beckman (1968). The 
presence (and possibly concentration) of intestihal enzyme in 
serum is closely linked with ABO blood group and with ABH 
secretor status. Intestinal alkaline phosphatase is found
most frequently in the sera.of individuals of blood groups 
B and 0. There is a negative correlation between the presence 
of this enzyme in serum and blood group A.
A relationship between blood groups and properties 
of serum alkaline phosphatase has also been noted in sheep 
(Rendel, Aalund, Freedland and Miller, 1964). It is possible 
that the variations in intestinal phosphatase in dog sera, 
observed in the present study, may also be under genetic 
control.
The levels of intestinal alkaline phosphatase 
activity in dog sera were found to be the same before feeding 
as four hours after a meal. The main objective in this 
experiment was to confirm, that the levels of intestinal 
enzyme detectable in serum did not vary with the time of 
collection of serum samples.
The level of serum alkaline phosphatase activity 
rises after fat ingestion in rats (Jackson. 1952) and in 
humans (Langman et al.', 1966). In humans this increase has 
been shorn by electrophoresis (Langman et_ al., 1966) to be due 
to increased levels of intestinal alkaline phosphatase. After 
a fatty meal the intestinal enzyme may be detected in sera of 
people of blood groups with which it is not generally asso­
ciated (Wamock, 1968). Immunological tests on human 
(Kleerekoper et al., 1970) and rat (Saini and Posen, 1969) 
sera, using antiserum to intestinal alkaline phosphatase, 
have confirmed that the rise in serum phosphatase levels after 
fat ingestion is due predominantly to increase in intestinal 
enzyme.
In the present investigation, no attempt was made to 
fast the animals before the first serum sample was taken or
to increase the amount of fat in the diet. Under these con­
ditions an increase in total serum phosphatase activity or 
in the proportion attributed to intestinal enzyme, was not 
expected.
Urinary alkaline phosphatase
Results of electrophoretic separation of dialysed 
urine samples from normal and dieldrin treated dogs revealed 
no similarity between urinary and kidney alkaline phosphatases. 
Urinary and kidney enzymes were also shorn to be antigenically 
dissimilar, in that antikidney phosphatase serum did not 
react with urinary alkaline phosphatase.
Differences between alkaline phosphatases of urine 
and kidney have also been demonstrated for human enzymes 
(Butterworth £t. al., 1965b). After starch gel electrophoresis 
urinary enzyme was shown as a single zone ahead of phospha­
tases from kidney and other tissues. Gel filtration on 
S'ephadex G200 revealed that the urinary enzyme was of smaller 
molecular size than that of the kidney.
The origin of alkaline phosphatase in urine is un­
certain. It has been suggested (Allen and Spellberg, 1967), 
that human serum alkaline phosphatase is excreted by the 
kidney, however there is considerable evidence against this 
view (Posen, 1967). A correlation has been shorn between 
abnormally high levels of urinary phosphatase and acute renal 
failure (Butterworth £t ad., 1965a) although this does not 
necessarily suggest that urinary enzyme originates in the 
kidney.
The kidney cannot, be excluded as a possible source 
of urinary enzyme. Butterworth et al, r (1 965b) were Lmable 
to reproduce the u r i n a r j r  enzyme by treatment of kidney
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extracts but found that alkaline phosphatase resembling 
the urinary enzyme in its electrophoretic behaviour, was 
extracted from cells shed from the kidney following :the 
ingestion of a large dose of aspirin. It is therefore possible 
that although alkaline phosphatases in urine and in extracts 
of normal kidney appear dissimilar, the urinary enzyme may be 
of renal origin.
The present results with dog urinary alkaline 
phosphatase suggest that kidney is not the source of enzyme. 
Urinary phosphatase appeared to have a mobility similar to 
the faster of the two enzyme bands shown by an extract of 
bladder. The second bladder phosphatase band resembled that 
of kidney, indicating some similarity between the phosphatases 
of these tissues. Immunological tests, in which antikidney 
phosphatase serum reacted with a proportion of bladder alka­
line phosphatase, confirmed this observation.
The present results of the investigation therefore 
indicate that bladder may contribute to urinary enzyme levels. 
An alternative interpretation may be that the second phospha­
tase component in the bladder extract, which shows no simi­
larity to the kidney enzyme, may represent an altered form of 
renal alkaline phosphatase or one which is present in undetect 
able amounts in normal kidney tissue.
Korngold (1970) demonstrated reaction in gel 
diffusion plates between human urinary phosphatase and anti­
sera to intestinal and placental enzymes but not kidney.
Since antiintestinal phosphatase had been shown to cross react 
with kidney enzyme, it was assumed that the urinary phosphatas 
enzyme was a minor component of phosphatase from the kidney 
not usually detectable in extracts of the latter tissue.
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Intestinal alkaline phosphatase
Alkaline phosphatase extracted from dog intestinal 
mucosa was found to show no immunological or electrophoretic 
similarity to phosphatases from bacteria obtained from dog gat 
and faeces. Similar observations have been made by other . 
investigators. Sussman et al.;(1968) demonstrated that alka­
line phosphatase from a culture of B. coll migrated further in 
polyacrylamide gel electrophoresis than alka.line phosphatases 
from any of the human tissues examined. Saini and Posen 
(1969) found that antiserum to rat intestinal alkaline phos­
phatase had very little effect on phosphatase from B coll.
The inference from such results is that the alkaline 
phosphatase extractable from dog intestinal mucosa originates 
from dog tissue rather than from the bacterial flora of the 
gut. It must be pointed out, however, that phosphatases from 
only a limited number of different micro-organisms have been 
investigated in this context. In the present investigation 
the organisms examined were all cultures of E. coli: These
cultures were the predominant colony types isolated from dog 
gut and faeces by routine bacteriological methods. Isolation 
of anaerobes and of organisms requiring special growth con­
ditions was not attempted.
Evidence that alkaline phosphatase in faeces is 
composed mainly of material shed from intestinal microvilli 
is quoted by Posen (1967): "Alkaline phosphatase is found in
the bacteria - free faeces of neonates; the oral adminis­
tration of broad'-, spectrum antibiotics does not cause sig­
nificant alterations in faecal alkaline phosphatase content; 
and faecal alkaline phosphatase is inhibited by L-phenylalanin 
and antihiiman intestinal, a l k a l i n e  phosphatase antibody to
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the same degree as alkaline phosphatase derived from intes­
tinal homogenate".
An attempt was made in this current investigation, 
to determine the site of intestinal enzyme within the gut 
tissue by an immunofluorescence technique, but enzyme was 
demonstrated only on the lumen surface of the mucosa. Etzler, 
Birkenmeier and Moog (1969) found a similar effect in 
immunofluorescence studies of alkaline phosphatase in mouse 
intestine. Fluorescence was found to be restricted to the 
outer surface of the microvilli and no significant intra­
cellular fluorescence could be discerned.
The intracellular localisation of alkaline phospha­
tase in intestinal mucosa has been determined by other tech­
niques. Ghosh and Kotowitz (1968) subjected human intestinal 
mucosa to differential fractionation and found the majority 
of phosphatase activity in the soluble fraction. The intes­
tinal enzyme appeared to be a soluble component of mucosal 
cells; in contrast alkaline phosphatase from liver was found 
to be associated mainly with particulate fractions. A. com­
bination of histochemical and electronmicroscopic techniques, 
has shown that in the intestinal mucosa of mice and rats, 
alkaline phosphatase is distributed widely within the adsorb­
ing cell, particularly in the G-olgi apparatus, endoplasmic 
reticulum and lysosomes (Hugon and Borgers, 1 96 7)«
Results obtained in gel diffusion tests between 
dog intestinal alkaline phosphatase and its antiserum were 
of interest in that two lines of precipitation were produced, 
both of which showed alkaline phosphatasesactivity. In 
electrophoretic studies, the band of enzyme activity shown by 
the intestinal phosphatase preparation was wide, suggesting •
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a possible molecular heterogeneity of enzyme within the 
tissue extract*
Moss (1965) found that extracts of human small 
intestine appeared to contain two alkaline phosphatase com­
ponents. This observation was based on results of starch gel 
electrophoresis and chromatography on DEAE Sephadex. Inves­
tigations into other properties'of these fractions indicated, 
however, that they were both of 1 intestinal type1 and did not 
constitute distinct phosphatase isoenzymes. It was postulated 
that one component was derived from the other in some way, 
possibly by degradation. Studies on alkaline phosphatase of 
the young mouse duodenum have demonstrated differences in 
substrate affinities between the predominant phosphatases 
in the intestine of 11- day and 20 day old mice (Etzler and 
Moog, 1968). These enzymes may also be differentiated from 
one another by immunochemical means. It has been suggested 
that transformation of one form of the enzyme to another 
occurs during development either by conversion or activation 
of the immature form. Evidence to support this hypothesis 
is derived from studies with inhibitors of BETA and protein 
synthesis. Intestines of 20 day old mice have also been shown 
to contain a minor phosphatase component. This sacond compon­
ent differs in biochemical and physico - chemical properties 
from the major enzyme and from that found in intestines of 11 
day mice, but cross reacts with antisera to both these 
phosphatases.
A similar molecular heterogeneity in alkaline 
phosphatase of dog intestinal mucosa might account for the 
observed presence of more than one enzyme - antienzyme system 
in gel diffusion tests.
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The effect of dieldrin treatment on alkaline 
'•phosphatase in dog sera
It has been stated already that there was noa 
apparent correlation between dieldrin treatment and levels of 
intestinal alkaline phosphatase in dog serum. The electro­
phoretic pattern shown by sera from dieldrin treated dogs 
resembled that from normal animals, except that staining 
of the enzyme band was more intense. It would therefore 
appear that the high levels of alkaline phosphatase activity 
in sera of dogs treated with dieldrin (Walker et al., 1969) 
is due to an increase in the contribution of liver enzyme to 
serum. El-Aaser et ale (1972) reached a similar conclusion.
Increases in levels of serum alkaline phosphatase 
in diseases of bone and of the hepatobiliary system have been 
discussed previously (page 27 ). In general there has been 
shown to be good correlation between the properties of the 
increased serum enzyme and the tissue affected. Kaplan and 
Rodgers (1969) used electrophoretic analysis of human sera 
on polyacrylamide gel slabs for the successful detection of ' 
incipient liver and bone disorders. Correlation between serum 
enzyme pattern and disease has also been demonstrated by other 
investigators (Hodson ejb al. , 1962; Haije and De Jong, 1963). 
Earlier reports that increases in serum alkaline phosphatase 
levels in diseases of the hepatobiliary system were due to 
impaired capacity of the liver to excrete phosphatase of 
osseous origin (Gutman et al., 1940), have now been discounted
In dogs treated with dieldrin, there was no apparent 
damage to liver tissue as judged by histological examination 
and liver function tests (Walker ejfc al., 1969). An explan­
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ation for-'the rise in serum enzyme, proposed by El-Aaser 
et al. (1972), is that of increased production of alkaline 
phosphatase within the hepatocyte. » Transfer of enzyme from 
the cell into the sinusoidal blood may then account for high 
levels of liver enzyme in serum.
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APPENDIX I
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Identification of Gram positive organism 
isolated from dog faeces
\
\
Test Reaction
Gram reaction +
Morphology coccus
Aerobic growth +
Catalase -
Haemolysis on goat blood agar cc
Growth at 45°C +
Growth 011 10 per cent, bile +
Growth on 40 per cent, bile +
Aesculin hydrolysis +
Growth at pH 9.6 +
Survival after 60°C 30 minutes +
Litmus milk acid reduction
Sorbitol acid
Growth on. McConkey +
-170-
Identification of Gram negative organisms 
from dog intestine and faeces
1 Test A
Reaction 
B C D
Gram reaction - — — -
Morphology shortrod
short
rod
short
rod
short
rod
Aerobic growth + + + ' +
Catalase + + + +
Oxidase - - -
Glucose acid acid acid acid
Reaction in Hugh and Liefsons
Medium F ’ F F F
Citrate utilisation .- ' - RT -
Gelatin liquefaction - - — —
Arabinose acid RT RT RT
Lactose acid acid acid acid
Sucrose - RT RT RT
Adonitol acid acid acid acid
Inositol — RT RT RT
Indole production at 44°C + - + • -
V. P. reaction - - -
Urease - - - -
Growth on McConkey + -U + +
Maltose acid RT/ RT. RT
Motility RT + + +
M.R. reaction + + + +
